EP 1 031 347 B1

" S .
) AT DCRRTATIR bR
(19) o European Patent Office

Office européen des brevets (1) EP 1 031 347 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) Intc1.7: A61K 9/127, A61K 38/19,
of the grant of the patent: A61K 39/39, A61K 38/28

17.04.2002 Bulletin 2002/16
(21) Application number: 99101480.4

(22) Date of filing: 27.01.1999

(54) Transnasal transport/immunisation with highly adaptable carriers
Transnasaler Transport bzw. Impfung mit hochadaptierbaren Tragern
Transport/immunisation transnasale avec véhicules trés adaptables

(84) Designated Contracting States: (74) Representative: VOSSIUS & PARTNER
ATBE CHDE DKES FIFRGB GRIEITLILUMC Siebertstrasse 4
NL PT SE 81675 Miinchen (DE)
Designated Extension States:
LT LV RO SI (56) References cited:
EP-A- 0 475 160 WO-A-90/09385
(43) Date of publication of application: WO-A-92/04009

30.08.2000 Bulletin 2000/35

DATABASE MEDLINE [Online] US NATIONAL

(73) Proprietor: IDEA AG LIBRARY OF MEDICINE (NLM), BETHESDA, MD,
80807 Munich (DE) US ALMEIDA A J ET AL: "Nasal delivery of
vaccines.” XP002107393 -& JOURNAL OF DRUG
(72) Inventors: TARGETING, (1996) 3 (6) 455-67. REF: 125
 Stieber, Juliane JOURNAL CODE: B3S. ISSN: 1061-186X.,
80769 Miinchen (DE) XP002109107 Switzerland
* Chopra, Amia * CEVC G: "Transfersomes, liposomes and other
Delhi, 110052 (IN) lipid suspensions on the skin: permeation
¢ Cevc, Gregor enhancement, vesicle penetration, and
85551 Kirchheim (DE) transdermal drug delivery” CRITICAL REVIEWS

IN THERAPEUTIC DRUG CARRIER SYSTEMS,
vol. 13, no. 3-4, 1996, pages 257-388,
XP002107366

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 031 347 B1 2

Description

[0001] The invention deals with the transport of pref-
erably large molecules across nasal mucosa by means
of specially designed, highly adaptable carriers loaded
with said molecules. One of the purposes of making
such formulations is to achieve non-invasive systemic
delivery of therapeutic polypeptides, proteins and other
macromolecules; the other intent is to overcome circum-
stantially the blood-brain barrier by exploiting the nasal
cavity to enter the body and then to get access to the
brain. A third intent is to achieve successful protective
or tolerogenic immunisation via nasal antigen or aller-
gen administration.

[0002] Nasal delivery has been explored extensively
over the last decades and was discussed repeatedly as
an alternative to the systemic delivery of drugs, espe-
cially peptides and proteins, which normally must be in-
jected. Nasal delivery also attracted interest owing to
the fact that it avoids the hepatic first-pass effect, the
problem of degradation in nasal cavity notwithstanding,
which creates a pseudo-first-pass effect (Sarkar, 1992).
The latter difficulty prompted chemical or recombinant
structural peptide or protein modifications to improve the
stability and minimise the enzymatic cleavage of mac-
romolecules in the nose (Wearley, 1991).

[0003) Some earlier reviewers (llium, 1991; Wearley,
1991) expected that transnasal peptide delivery, sup-
ported by absorption enhancers, will provide a conven-
ient, efficient means for the administration of protein and
peptide therapeutics. More recent surveyors took less
optimistic stance, however (Harris, 1993). Rapid metab-
olism and nonlinear pharmacokinetics of nasally deliv-
ered peptides (Wearley, 1991) are partly responsible for
this. The other reasons are the anatomical and temporal
barriers presented by the nasal mucosa (Sarkar, 1992),
and especially the intolerable side effects of most, if not
all, methods currently in use for nasal delivery. This
holds also true for efforts to deliver compounds with the
aim to generate a protective immune response transna-
sally, which would represent a more natural way of an-
tigen presentation than encountered by conventional in-
jection. The adverse side effects observed with transna-
sal immunisation experiments are mainily due to the
presence of immunoadjuvants (such as Cholera toxin
(CT) or its fragment B, heat labile protein from E. coli,
keyhole limpet hemocyanin, or other substances with
ADP-rybosilating activity, for example), and/or mole-
cules with a permeation enhancing activity, in addition
to the antigen in the formulation for nasal delivery. While
the former may be toxic, the latter are irritating to the
immunised subject. Selectivity of immune response,
moreover, cannot be achieved with unspecific stimula-
tory agents. Moreover, there is substantial variability in
the resulting immune response after nasal antigen ad-
ministration, probably due to the difficulty of depositing
the immunogen on the sites in the nasal cavity with the
lowest transbarrier transport resistance.
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[0004] Almeida et al., Journal of Drug Targeting 3
(1996), 455-467 discusses nasal delivery of vaccines
and mainly describes the role of mucosal-associated
lymphoid tissue in the process of immune response in-
duction. The association of antigens with adjuvants and
particulate carriers, such as microparticles, nanoparti-
cles and liposomes is emphasized. On page 462, left-
hand column, second fuil paragraph, lines 21 to 24, itis
concluded that liposomes increase the humoral immu-
nity through their ability to act as an antigen depot, sup-
plying macrophages with free (released) or entrapped
antigen. The nasal dosing with tetanus toxoid-contain-
ing liposomes, according to the authors, produced se-
rum IgG titres similar to those obtained with a 10 times
lower dose given by intramuscular route. The conclu-
sion the person skilled in the art would draw from Alme-
ida et al. is that antigens that are responsible for the in-
duction of protective immunity against various patho-
gens should be attached to a suitable carrier with adju-
vant (or sustained release) properties etc.

[0005] Almeida et al. neither anticipates the present
invention nor renders it obvious.

[0006] The human nasal cavities with a total volume
of 15 mL and a total surface area of 150 cm? - which
amounts to more than 1 m? if one allows for the surface
corrugations - are covered by mucus and a mucosa 2
mm to 4 mm thick. Most of the cavity surface is lined by
a respiratory epithelium, comprised of columnar cells,
goblet cells, and ciliary cuboidal cells. The resulting per-
meability barrier is related to that of the oral cavity, with
which it communicates and which is covered by a kerat-
inised barrier tissue. In either case, the cells in the bar-
rier are tightly packed and often sealed with the special-
ised intercellular lipid arrangements. Moreover, in either
case, the permeability barrier is lowered by the topical
use of substances which compromise the quality and
packing of such lipidic seals and/or which increase the
probability for molecular partitioning into the barrier. De-
viant from the situation encountered in the mouth, from
the nose foreign substances are cleared into the na-
sopharynx by the cilia, with an average speed of 5 mm/
min. An exception is the upper region of nasal cavity,
which contains no cilia but is covered by a pseudo-strat-
ified olfactory neuroepithelium. The nasal subepithelum
contains a dense vascular network and the venous
blood from the nose passes directly into the systemic
circulation.

[0007]) Nasal route of delivery has been relatively un-
successful to date when used for high molecular weight
substances. Use of permeation enhancers did not im-
prove the situation sufficiently, largely due to the fact that
such substances are generally poorly tolerated and of
limited usefulness. The pharmacodynamics resulting
from nasal drug delivery is also highly variable. Major
reasons for this are the inconsistency in the site of dep-
osition or in the delivery details, as well as changes in
the mucous secretion and mucociliary clearance; the
latter are compounded especially by the presence of al-
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lergy, hay fever, and the common cold in treated sub-
jects (Harris, 1993). Protein degradation in mucosa is
important as well (Sarkar, 1992). Despite this, numerous
studies were done with buserelin, vasopressin, chole-
cystokinin, calcitonin, growth hormone and related sub-
stances (e.g. GHRH), erythropoietin, G-CSF, interferon,
insulin, gonadotropin hormone releasing hormones
(GnRH), and vasopressin analogues, the results of
which are reviewed briefly in the following.

Systemic delivery of large drugs through the nose

[0008] Hexarelin (GH analogue; MW = 800). The GH
response to the intranasal hexarelin administration
(about 18 ug/kg) was not significantly higher than that
induced by an injection of 1 ug GHRH/kg (Ghigo et al.,
1996). On the other hand, the former kind of treatment
did not significantly modify IGF-I but increased IGFBP-
3levels. Both IGF-| and IGFBP-3 levels were slightly but
significantly increased by oral treatment with the drug
as well (Ghigo et al., 1996).

[0009] Intranasal treatment with octreotide nasal
powder, a somatostatin analogue (up to 2 mg TID, cor-
responding to a mean GH value below 5 pg/L during 8
daytime hours), was well tolerated, with only mild side
effects and no significant changes in the nasal mucosa.
An improvement of the clinical picture was registered in
all patients after a few days of octreotide nasal powder
administration. Positive correlation was found between
GH and IGF-1, GH and IGFBP-3, IGF-I and IGFBP-3,
insulin and IGFBP-3 and insulin and IGF-I during chron-
ic (3-6 months) treatment (Invitti et al., 1996).

[0010] Cholecystokinin (MW = 1050). The carboxy
terminal octapeptide of cholecystokinin (CCK-8) has
similar functions as native cholecystokinin (CCK), but
lacks receptor selectivity and metabolic stability. Medi-
ation of satiety via the A-receptor subtype can be used
for management of obesity. This was also shown after
intranasal administration of Hpa(SO3H)-Nie-Gly-
Trp-Nle-MeAsp-Phe-NH2, the result of moving the N-
methyl group from Phe to Asp, which inhibited feeding
in beagle dogs (Pierson et al., 1997).

[0011] After intranasal (10 pg) and intravenous (0.25
ug and 2.5 pg) administration of an octapeptide deriva-
tive of cholecystokinin, the substance CCK-8 was
shown to affect the auditory event related potential
(AERP) in 20 healthy subjects. The effect was stronger
in women than in men (Pietrowsky et al., 1996). Plasma
CCK-8 concentrations after intranasal administration of
10 ug CCK-8 were comparable to those of 0.25 ug CCK-
8 given i.v., but were substantially lower than those elic-
ited by 2.5 ug CCK-8 (Pietrowsky et al., 1996).

[0012] Vasopressin (MW = 1054). Vasopressin
DGAVP (2 mg) was administered intranasally and orally
to healthy subjects for 1 week. Peak levels were always
observed at 15 min. The mean absorption and elimina-
tion half-life (around 8 min and 35-38 min, respectively)
were similar for the two tested routes of administration,
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but the latter only had 0.7 % relative bioavailability
(Westenberg et al., 1994).

[0013] In adouble-blind, crossover study, subjects re-
ceived on three different occasions 20 IU of (arginine)
vasopressin (AVP) intranasally (IN}, or 1.5 U of AVP and
saline solution i.v.. Evoked potentials (ERPs) were re-
corded during the subject's performance on a auditory
attention task. Plasma concentrations of vasopressin
during task performance were enhanced after AVP, with
the increase after i.v. administration of AVP exceeding
2000-fold that after AVP i.v.. Intranasal administration of
AVP substantially increased the P3 component of the
ERP in contrast to the injection (Pietrowsky et al., 1996).
[0014] Acute (2 mg) and chronic, 2 weeks treatment
(1 mg/day) with nasal DGAVP revealed an improved
short-term memory for abstract words in males but not
in females, with no positive effect on learning concrete
words. Chronic, but not acute, treatment with DGAVP
reduced the reaction time for scanning of digits in a
memory comparison task (Sternberg paradigm) in both
sexes (Bruins et al., 1995). In a different human study,
arginine-vasopressin (AVP: 3x10 1U) enhanced memory
performance after nasal administration. The late posi-
tive complex (LPC) elicited by oddbal! stimuli was not
affected whereas the structural encoding task revealed
an effect of the drug. In both studies, AVP intake resulted
in a marked change of the scalp distribution of the P3
component, which is a prominent part of the LPC. Va-
sopressin was thus concluded to influence the central
nervous processing of the emotional content of stimuli
(Naumann et al., 1991).

[0015] Subchronic treatment with vasopressin (40 IU/
day) was shown to enhance nocturnal slow-wave sleep
in 2 elderly subjects (Perras et al., 1996) However, the
intranasal administration of vasopressin (DDAVP: 30 or
60 micrograms) had no general effect on pain percep-
tion in humans, but some other effects were observed
(Pohl et al., 1996).

[0016] Buserelin (MW = 1239). Treatment of 40 wom-
en with endometriosis and 10 women with uterine leio-
myoma by using GnRH agonist buserelin (200 pg, 3x
daily, 6 months, intranasally) reduced AFS mean pelvic
score from 24 to 7 and the size of the fibroids decreased
by 69 % (Biberoglu et al., 1991).

[0017] Calcitonin (MW = 3432). Ichikawa et al. (1994)
concluded that nasal (5, 10, 20 and 40 U/rat) and sub-
cutaneous (5, 10 and 20 U/kg) administration of Salmon
calcitonin on alternate days for 3 weeks, starting a week
after ovarectomy, prevented the osteopenic changes,
the invasive method being approximately 2-times more
effective.

[0018] In a double-blind trial, the effect of intranasal
administration of Salmon calcitonin on biochemical pa-
rameters of bone turnover in 32 patients immobilised for
a prolapsed intervertebral disk was investigated (van
der Wiel et al., 1993). Calcitonin in a dose of two times
200 IU/day inhibited by 40 % the increase in the fasting
2 h urinary hydroxyproline/creatinine ratio (OHPr/Cr)
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and lowered by 80 % the increase in calcium/ creatinine
ratio (Ca/Cr). The decrease in serum 1,25-dihydroxyvi-
tamin D after 10 days of immobilization was significantly
less in the calcitonin-treated group than in the placebo
group (14 versus 29%, respectively; P < 0.05). However,
intranasal calcitonin, which was well tolerated, did not
influence the pain scores as measured with a visual an-
alog scale (van der Wiel et al., 1993).

[0019] Growth hormone (GH) releasing factor/s (MW
= 5040). The current mode of growth hormone replace-
ment therapy is daily subcutaneous (s.c.) injections giv-
en in the evening. This schedule is unable to mimic the
endogenous pulsatile pattern of GH secretion, which
might be of importance for the induction of growth and
other GH actions (Laursen et al., 1996).

[0020] To simulate endogenous production of growth
hormone the protein was administered on three occa-
sions intranasally in doses of 0.05, 0.10 and 0.20 IU/kg,
using didecanoyl-L-a -phosphatidylcholine as an en-
hancer (Laursen et al., 1996). On the other two occa-
sions the patients received an s.c. injection (0. 10 1U/kg)
and an i.v. injection (0.015 IU/kg) of GH, respectively.
The nasal doses and the s.c. injection were givenin ran-
dom order in a crossover design. Intravenous adminis-
tration produced a short-lived serum GH peak value of
128 pg/L. Peak levels were around 14 pg/L after s.c.
injection (50 % bioavailability) and between 3 ug/L and
8ug/L, respectively, after the three nasal doses (bioa-
vailability between 4 % and 9 %). Serum insulin-like
growth factor | (IGF-1) levels increased significantly after
s.c. administration only. However, the data revealed that
a closer imitation of the physiological GH pulses was
achieved via the nose. Despite this the authors of the
study concluded that GH administration is of limited im-
portance for the induction of a metabolic response to
GH (Laursen et al., 1996).

[0021] GHRP-2is one of the most potent members of
the GHRP family, which exents its biclogical activity after
oral, intranasal and i.v. administration. For example, the
children who had a robust response to the injected GH-
releasing factors also received intranasal GHRP-2, with
significant, but not quantitated, response over a dose
range of 5-20 pg/kg per dose (Pihoker et al., 1995).
[0022] Insulin (MW = 5808). The problem of low bio-
availability of insulin solutions given through the nasal
mucosa was improved by using absorption enhancers
or bioadhesive microspheres (Gizurarson & Bechgaard,
1991; llium & Davis, 1992). Bioavailability greater than
10 % was measured but to date no corresponding for-
mulation has found its way into the late clinical trials.
The chief reason for this appears to be the severe dam-
age to nasal mucosa caused by the commonly used per-
meation enhancers.

[0023] For example, following the administration of
powder formulations comprising insulin and the perme-
ation enhancer sodium tauro-24,25-dihydrofusidate
(STDHF), the hypoglycaemic response and the serum
insulin levels in sheep increased with STDHF/insulin
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molar ratio in the range 0to 16.8 (Lee et al,, 1991). The
reason for this is increased mucosal permeability as well
as reduced insulin aggregate size. The bioavailability
ranges from 2.9 % to 37.8 % for the powder, and was
reported to be 15.7 % and 37.4 %, respectively for the
drops or spray containing STDHF/insulin = 8.4/1 mix-
ture, and roughly proportionally to the enhancer concen-
tration (Lee et al., 1991). To achieve a high bioavailabil-
ity major changes in nasal mucosa had to be tolerated,
however.

[0024] In humans, the 200 U insulin/mL formulation
containing a blend of enhancers (didecanoyl-phosphati-
dylcholine (2 w-%), glycerol (1.6 w-%), 0.4 w-% fraction-
ated coconut oil) and 0.2 w-% cholesterol resulted in ap-
pr. 8 % bioavailability, the highest values having been
measured for the high dose (2x3 sprays of 50 uL each),
which also was most irritant (Drejer et al., 1991).
[0025] Cyclodextrins dissociate insulin hexamers into
smaller aggregates, in dependence on structure and
concentration. Hexamer dissociation was therefore
speculated to be the reason for higher nasal absorption
of the polypeptide (Shao et al., 1992). The relative ef-
fectiveness of various cyclodextrins for this purpose was
reported to decrease from dimethy!-B-cyclodextrin (DM-
B-CD) > a-cyclodextrin (a-CD) > B-cyclodextrin (B-CD),
hydroxypropyl-p-cyclodextrin (HP-B-CD) > y-cyclodex-
trin (gamma-CD). A direct relationship between absorp-
tion promotion and nasal membrane protein and lipid re-
lease was invoked to explain such sequence (Shao et
al., 1992).

[0026] Itis less clear why cationic chitosan enhances
the absorption of insulin across the nasal mucosa of rat
and sheep in a concentration dependent fashion, with
optimum concentrations higher than 0.2 % and 0.5 % in
rats and sheep, respectively, but overall efficiency of this
procedure is only around 10% (llium et al., 1994). Using
didecanoyl-L-a-phosphatidylcholine as an enhancer re-
sults in 4 % to 9 % of nasal insulin bioavailability
(Laursen et al., 1996).

[0027] G-CSF (MW = 19600). The relative bioavaila-
bility of rhG-CSF administered nasally in the rat was ap-
proximately 2%, compared to an s.c. injection, as eval-
uated from the immunologically active rhG-CSF con-
centration in rat plasma and the area under the curve
(AUC) at t=8 h. Leukocyte stimulation counts suggested
5-10% availability at t=48 h. Relative bioavailability and
pharmacological availability were increased 23 times
and 3 times, respectively, by polyoxyethylene S-lauryl
ether (Laureth-9), but no increase in availability oc-
curred with sodium glycocholate (Machida et al., 1993).
[0028] Absorption of dissolved recombinant human
granulocyte colony-stimulating factors (rhG-CSF at pH
4) ) through the nose of rabbits was investigated with
dimethy!-B-cyclodextrin added or without such excipi-
ent, which acts as barrier permeation enhancer. The
proteins were absorbed and the total leukocyte numbers
in peripheral blood increased in either case, but excipi-
ents improved the absorption of rhG-CSF appreciably
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(Watanabe et al., 1993). A subsequent pharmacokinetic
and pharmacodynamic study (Watanabe et al., 1995)
revealed that protein is absorbed through the nasal cav-
ity from a solution, especially in the presence of alpha-
cyclodextrin (a-CyD), which can act as carrier in the
membrane. Good correlation was found between the
logarithm of the area under the serum G-CSF concen-
tration-time curve (AUC) and the area under the in-
creased total blood leukocyte count-time curve (Watan-
abe et al., 1995).

[0029] Interferon (MW = 23000). Treatment of exper-
imental rhinovirus colds in 38 adults by intranasal ad-
ministration of recombinant interferon beta serine (MW
= 18500) had no effect on illness rate or severity, but did
decrease the frequency of virus shedding by the factor
of 2 (on day 4) to 3 (on day 6). The course of middle-ear
dysfunction associated with experimental colds was al-
so positively affected by the drug (Sperber et al., 1992).
[0030] Erythropoietin (MW = 30400). The pharmaco-
logical availability of rh-EPO after intranasal administra-
tion without enhancers was compared to that of intrave-
nous injections. The pharmacological activity was en-
hanced in low pH and hypotonic mannitol solution,
which both compromise the barrier quality. This resuited
in relative bioavailability of nasally applied drug between
7 % and 4 %, when estimated by different reticulocyte
counting methods. (Shimoda et al., 1995).

[0031] Labelled dextrane (MW = 4100, 9000, 17500),
applied nasally at the dose of 6.5 mg, was seen to pass
mucosa in the presence of glycocholate (3 mg) and
found in the blood in concentration range between 6 ng/
mL and 21 ng/mL, which corresponds to app. 0.05 %,
0.02 %, and 0.01 % for the three molecular sizes, re-
spectively (Maitani et al., 1989).

[0032] Insummary, the combined teachings of the pri-
or art demonstrated that the likelihood of large mole-
cules to pass nasal mucosa decreases strongly with in-
creasing molecular weight. To date, the size of mole-
cules administered successfully through the nose is typ-
ically < 1300 Da, and always below 3500 Da. Significant
transport is achieved only with supporting permeation
promotors and is, in a certain concentration range at
least, proportional to the enhancer concentration. En-
hancer concentration in the percentile range can ensure
up to 30 % drug (or label) bioavailability but more often
values below 10 % and typically of a few percent are
obtained. High transfer efficiency is accompanied with
strong local tissue damage. This causes unpleasant
acute side effects and may, first, abrogate the nasal per-
meability barrier and, upon repeated use, provoke ex-
tensive keratinisation of the epithelium that finally reduc-
es transnasal transport efficiency.

[0033] The success of transnasal transport is be-
lieved to rely on the loosening of ciliated-goblet, goblet-
goblet, or ciliated-ciliated cell contacts, which also
opens passages for the motion of water (McMartin et
al., 1987). Procedures or substances which support the
process either osmotically (as in the case of polysac-
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' [0034]

charide addition), physico/chemically (as in the case of
surfactant addition) or biologically (as in the case of mol-
ecules which affect the cell biochemistry, including many
drugs, cell adhesion or trans- and epicellular transport),
can therefore improve drug delivery across the nasal
mucosa. Translocation through the cells is possible, but
probably rare, except, maybe, in the cases of some viral
infections or applications. Materials, such as polymers
of polyelectrolytes, which prolong the retention time of
and increase the proximity between the molecules to be
transported and cellular membranes, are useful for the
purpose as well. The limit to this latter effect is set by
ciliary motion, which tends to clear mucosal surface ap-
proximately every 30 min and transports the superficial
material into the throat, and thus towards the gastroin-
testinal tract. Transport mediated by certain particles
was contended to rely on this effect.

Particle delivery through the nose

Inhaled fine particles (Kanto loam dust, fly ash,
carbon black, diesel exhaust particles (DEP), and alu-
minium hydroxide (alum)) appear to act as adjuvants,
and accelerate the production of IgE antibody against
pollen in female BDF1 mice; however, the nature of the
particles, their capacity to adsorb antigens, and/or their
size seem to play only minor role in the process (Mae-
jima et al., 1997).

[0035] Hollow spheres, according to Ting et al.
(1992), are unsuitable for nasal delivery, owing to their
rapid clearance and variable deposition pattern. Polyvi-
nyl alcohol microparticles in the form of collapsed, solid
spheres with the desired size for nasal deposition
(10-200 um) were therefore produced by spray-drying
and spray-desolvation (Ting et al., 1992).

[06036] The above observation notwithstanding, sev-
eral kinds of particulate suspensions were used in the
nose, typically to elicit antibodies against the particle-
associated antigens.

[0037] This includes so-called proteosomes compris-
ing gp160 (Lowell et al., 1997) or influenza virus pro-
teins. Another example are particles made from poly-
merised carbohydrates coated with a lipid (bi)layer.
[0038] Itis important to realise, however, that in any
nasal uptake study one should consider and allow for
secondary redestribution. For example, the biodistribu-
tion of radioactivity from the purified major Parietaria
judaicaallergen after sublingual, oral, and intranasal ad-
ministration in healthy human volunteers is similar. This
is indicative of test material swallowing and absorption
in the gastrointestinal tract (Bagnasco et al., 1997). In
the intranasal case, transport to the pharynx by muco-
ciliary clearance plays an important role as well, but a
relevant fraction of the tracer is retained on the nasal
mucosa for up to 48 hours after administration (Bagnas-
co et al., 1997).
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Oral spill-over and the danger of false positive
results

[0039] Proteins are absorbed in the gastrointestinal
tract, albeit in small quantities. For example, ovalbumin
(OVA) is absorbed in the stomach as well as from the
Gl tract into the blood and lymph circulation at levels of
0.007-0.008 % and 0.0007-0.002 % of applied dose; a
higher dose in the latter case leads to relatively higher
absorption (Tsume et al., 1996). Stomach absorption
supplies nearly exclusively the blood, suggesting differ-
ent mechanisms and/or routes of absorption between
the stomach and the small intestine. OVA association
with liposomes can improve the uptake about 2 to 3-fold,
possibly owing to slower enzymatic degradation of OVA.
[0040] Often, the result of nasal and oral immunisa-
tion are very similar, suggesting that part of the effect of
the former may be due to the spill over of the antigen
into gastro-intestinal tract. Data obtained with human
adenovirus type 5, used as a vector for heterologous
DNA sequences, illustrate this (Flanagan et al., 1997).

Transnasal delivery into the central nervous tissue
(CNS)

[0041] The access of substances to the brain is of par-
amount importance for the treatment of psychiatric and
neurologic diseases. Transnasal route of delivery into
the CNS was therefore tested for a few selected bioac-
tive molecules.

[0042] To date, drug delivery into the CNS tissue by
nasal administration has received little attention
(Pesechnik & Price, 1996). Wheat-germ agglutinin cou-
pled to horseradish peroxidase was demonstrated to be
taken up by the cells of olfactory nerve, resulting in con-
centration in the olfactory bulb around 0.1 % of applied
concentration; the underlying principle is probably re-
ceptor-mediated endocytosis of WGA and subsequent
trans-synaptic, retrograde transfer towards the brain. A
similar mechanism is also possible in the case of viral
infections in the nose.

[0043] For example, an intranasal instillation of vesic-
ular stomatitis virus (VSV), a negative-sense RNA virus,
may result in a lethal infection of murine and rat brain
(Huneycutt et al, 1994). Within 12 h following intranasal
inoculation of VSV, this antigen can be detected in the
olfactory nerve layer of the ipsilateral olfactory bulb.
Within 3-4 days post-inoculation (p.i.), VSV had dissem-
inated into the glomeruli of the olfactory bulb as well as
the anterior olfactory nuclei, ipsilateral to the VSV instil-
lation. Within the glomeruli, VSV antigen is more prev-
alent in the granule cells than in the mitral ceils. Corre-
spondingly, the lateral olfactory tract, where axons of mi-
tral cells course, remain VSV negative throughout 7
days p.i.. By 7 days p.i., viral proteins are detected in
several additional regions extending to the brainstem.
The pattern of VSV immunoreactivity supports the pic-
ture of initial infection of the olfactory bulb glomeruli, with
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subsequent spreads via both ventricular surfaces and
retrograde transport within axons of neuromodulatory
transmitter systems enervating the olfactory bulb
(Huneycutt et al, 1994).

[0044] Draghia et al. (1995) have demonstrated that
it is possible to transfer the Escherichia colilacZ gene
in vivo into the central nervous system structures of rats
after nasal instillation of replication-defective adenoviral
vector AJRSV beta gal. Mitral cells from the olfactory
bulb, neurons from the anterior olfactory nucleus, locus
coeruleus and area postrema expressed beta-galactos-
idase for at least 12 days (Draghia et al., 1995). Parain-
fluenza type 1 vaccine virus also directly accesses the
central nervous system by infecting olfactory neurons
(Mori et al., 1996).

[0045] However, it would be highly desirable to have
a convenient and reliable transnasal transport system
for the compounds that are capable of and intended to
generate a protective immune response without simul-
tanously generating a variety of adverse side effects.
Common types of non-invasive applications, including
oral immunisation, often do not elicit the desiredimmune
response. Many injectible vaccines also do not provide
optimum antibody isotype pattern, mainly due to the un-
natural route of antigen entry into the body. Transnasal
immunisation remains problematic owing to the large
size of typical immunogen which is subject to similar re-
strictions as the transport of pharmaceutically active
compounds across the nasal mucosa.

[0046] In conclusion, although the prior art has tested
various approaches to transnasal delivery it has hitherto
failed to provide a convincing principle for convenient
and well tolerated transfer of compounds, such as phar-
maceutically active substances, immunogens/antigens
or allergens, through the nasal barrier, in particular if
said compounds are large. The solution to said technical
problem, i.e. the provision of a suitable system, is pro-
vided by the embodiments characterised in the claims.
[0047] Accordingly, the present invention relates to
use of a penetrant, suspended or dispersed in a solvent,
in the form of a minute fluid droplet surrounded by a
membrane-like coating of one or several layers of at
least two different substances or two different forms of
a substance with the tendency to aggregate, said sub-
stances or forms of a substance differing by at least the
factor of 10 in solubility in a preterably aqueous liquid
medium, such that the average diameter of homo-ag-
gregates of the more soluble substance or form of the
substance or the average diameter of the hetero-aggre-
gates consisting of both said substances or forms of said
substance is smaller than the average diameter of ho-
mo-aggregates of the less soluble substance or form of
the substance and/or wherein the more soluble compo-
nent tends to solubilise the penetrating droplet and
wherein the content of such component amounts to up
to 99 mol-% of the concentration required to solubilise
the droplet or else corresponds to up to 99 mol-% of the
saturating concentration in the unsolubilised droplet,
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whichever is higher, and/or wherein the elastic deforma-
tion energy of the droplet surrounding the membrane-
like coating is at least 5x lower, more preferably is at
least 10x lower and ideally is more than 10x lower than
that of the red blood cells or of the phospholipid bilayers
with fluid aliphatic chains as a carrier for the preparation
of a pharmaceutical, preferably a vaccine composition
for transnasal administration.

[0048] Pharmaceutically active compounds, antigens
or allergens do not cross the nasal mucosa in a practi-
cally meaningful quantity on their own without causing
inacceptable side effects.

[0049] As regards the above recited values of up to
99%, it is to be noted that values below 50 % of the
former relative concentration are particularly useful, with
values below 40 rel-% or even around and below 30 rel-
% being even more advantageous, whereas in the case
of droplets which cannot be solubilised by the more sol-
uble component relative concentrations which exceed
the above mentioned relative concentrations by the fac-
tor of up to 2 are most preferred.

[0050] Formulations including the above-referenced
penetrants are described in detail in DE 41 07 152, PCT/
EP91/01596, PCT/EP96/04526, and DE 44 47 287,
which are incorproated herewith by reference. Relevant
information useful for penetrant manufacturing and
loading with various macromolecular actives, which are
too big to permeate through the barrier, is given in patent
application PCT/EP98/06750, also incorporated here-
with by reference.

[0051] More general information on lipid suspensions
can be found in the handbook dealing with ‘Liposomes’
(Gregoriadis, G., ed., CRC Press, Boca Raton, Fi., Vols
1-3, 1987), in the book Liposomes as drug carriers'
(Gregoriadis, G., ed., John Wiley & Sons, New York,
1988), or in the laboratory manual 'Liposomes. A Prac-
tical Approach' (New, R., Oxford-Press, 1989). The
properties of phospholipids, which can be used conven-
iently to prepare bio-compatible immunopenetrants, are
reviewed in 'Phospholipids Handbook' {Cevc, G., ed.,
Dekker, New York, 19395).

[0052] The manufacturing temperature for said pene-
trants is normally chosen in the 0 °C to 95 °C range.
Preferably, one works in the temperature range 10-70
°C, most frequently at temperatures between 15 °C and
45 °C, under all circumstances below the temperature
at which any important formulation ingredient would un-
dergo an irreversible change in the composition or phys-
ical state. These temperatures can be determined by the
person skilled in the art using his common general
knowledge and the teachings of the various documents
cited in this specification. (For reference: the skin tem-
perature is normally around 32 °C.) Other temperature
ranges are possible, most notably for the systems con-
taining freezable or non-volatile components, cryo- or
heat-stabilised formulations, etc..

[0053] If required to maintain the integrity and the de-
sired properties of individual system components, car-
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rier formulations can be stored in the cold (e.g. at 4 °C),
with or without associated active agents. It is also pos-
sible, and sometimes sensible, to manufacture and
store the preparation under an inert atmosphere, e.g.
under nitrogen. The shelf-life of carrier formulation,
moreover, can be extended by using substances with a
small number of double bonds, that is, by a low degree
of unsaturation, by choosing peroxide-arm ingredients,
by including antioxidants, chelators, and other stabilis-
ing agents, or by preparing the agent loaded penetrants
ad hoc or in situ, e.g. from a freeze dried or dry mixture,
[0054] The term "two forms of a substance” in con-
nection with this invention means two ionization states
or salt forms of the same substance, two different com-
plexes of such substance, etc..

[0055] “Non-invasive administration® or "non-invasive
delivery” in this specification denotes application on or
transport through the nasal mucosa.

[0056] "Nasal administration®, in the context of this
document, refers to applications of test material, wheth-
er by direct intranasal intubation, spontaneous sniff of a
drop of the test fluid, or an inhalation of the sprayed test-
fluid into the nose, independent of precise site of impact
or deposition.

[0057] The term "penetration” in this application de-
scribes non-diffusive motion of large entities across a
barrier. This process is believed to involve penetrant ad-
aptation to the otherwise confining pores in the barrier,
perhaps in association with a transient, selective, and
reversible decrease in the barrier resistance.

[0058] The term "permeation” refers to a diffusion
across the semipermeable barrier and is typically driven
by the permeant concentration gradient across the bar-
rier.

[0059] A penetrant, consequently, is an entity com-
prising a single molecule or an arrangement of mole-
cules too big to permeate through a barrier but capable
to cross the barrier owing to the penetrants adaptability
to the shape and/or diameter of the otherwise confining
passages (pores) of a barrier. This adaptability is seen
from the fact, for example, that penetrants more than
twice bigger than the pore diameter will cross the bilayer
without being fragmented down to the pore size. A per-
meant, on the other hand, is an entity that can permeate
through the semi-permeable barrier, such as the skin. A
penetrantin an external field experiences a driving force
proportionatl to the nominal penetrant size and to the ap-
plied field, which may occur naturally. Such a force,
which on the intact, non-occluded skin is believed to
originate from the water concentration gradient across
the stratum corneum, can result in a penetrant motion
through the barrier, including the skin, if the force is
strong enough either to deform the penetrant or else to
widen the passages in the barrier sufficiently to elude
the problem of size exclusion, or both.

[0060] A permeant, on the other hand, is a molecule
diffusing, or at least capable of diffusion, across the
semi-permeable barrier.
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[0061] The above-referenced penetrantis typically an
ultra-adaptable entitiy comprising several components.
Said penetrant, in the widest sense of the word, is a su-
pra-macromolecular body that can pass spontaneously
through the permeability barrier with pores much small-
er than the penetrant diameter, and thus transport ma-
terial from the application to the destination site on either
side of the barrier. In order to meet this goal, the pene-
trant must adjust its properties, most notably its deform-
ability, to the shape and size of the pores in a barrier.
This typically occurs under the influence of a strong driv-
ing force or a pressure acting on all molecules in the
penetrant. Gradients which do not depend on the pen-
etrant concentration, such as hydration or external elec-
tric potential difference across the barrier, were shown
to serve this purpose.

[0062] Lipid aggregates in (quasi)metastable state,
and of the nature described above in connection with
the invention, most often behave as highly adaptable
penetrants, especially when they have the form of a tiny
droplet surrounded by one or a few membranes (bilay-
ers) (Cevc et al., 1997; Cevc et al., 1998). Owing to
membrane metastability, unusually high local bilayer
curvature can develop at the sites of transient, local
membrane destabilisation without compromising the
overall aggregate integrity. From the composition point
of view, such ultra-adaptable and self-regulating vesi-
cles typically consist of a suitably chosen lipid mixture.
In order to change conventional lipid vesicles, lipo-
somes, into the optimised vesicles (Transfersomes) one
can add, for example, suitable edge-activators into the
aggregate membrane (Cevc et al., 1998). Alternatively,
molecules which change the system deformability after
complexation with or binding to the basic aggregate in-
gredient can be used. Often, but not necessarily, the ac-
tivators belong to the class of surfactants below the sat-
uration or solubilization concentration, which in the latter
case gives rise to mixed micelles formation. This is im-
portant as solubilised lipids, in the form of mixed lipid
micelles, can cross the pores sufficiently wider than the
micelle diameter but are incapable of enforcing channel
opening in the biological tissues, which can be widened
and trespassed by the mixed lipid vesicles, however.
The postulated reason for this— to which the applicant
does not wish to be bound - is the much greater aggre-
gation number of the latter kind of aggregate which
translates into the greater sensitivity to external, trans-
port-driving gradients, such as the water activity gradi-
ent, and which is then capable of paying the energetic
price for the pore or channel opening in the barrier.
[0063] The present invention is, in view of the prior
art, particularly surprising since ultradeformable lipid
vesicles would seem unsuitable for the purpose of tran-
snasal delivery taken that they were reported to date to
cross barriers, such as skin, only under non-occlusive
conditions, that is, in the presence of a strong trans-bar-
rier water concentration gradient (Cevc et al. 1995; Paul
and Cevc, 1995), which is believed not to exist in the
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strongly hydrated nasal mucosa.

[0064] It was unexpectedly found that macromole-
cules in association with highly adaptable penetrants,
typically in the form of mixed lipid vesicles, are trans-
ported across nasal mucosa despite the high water con-
tentin this mucosa and in the exhaled air saturated with
humidity. Concluding from the fact that several success-
fully tested formulations of such carriers caused no irri-
tation in the nose it is inferred that the aforementioned
transport does not rely on damaging the barrier, such
damage being the reason for more conventional trans-
port of macromolecules from a solution across the nasal
mucosa. Rather than this, it is reasoned (wherein the
applicant does not wish to be bound by theory) that said
transport relies on the carrier penetration through the
barrier, which should not occur in a very humid sur-
rounding.

[0065]) |t is furthermore taught in accordance with the
invention that increasing the concentration of the sur-
face active molecules, which can act as permeation en-
hancers, decreases the efficiency of corresponding pro-
tein transport across the nasal mucosa, at least when
the solubilisation point of the carriers has been reached.
This finding is unexpected in view of the fact that the art
teaches that the bioavailability of nasally administered
macromolecules typically gets higher with increasing
permeation enhancer concentration.

[0066] A third unexpected finding is that carrier-medi-
ated delivery of macromolecules across the nasal mu-
cosa can mediate a relatively efficient transport of large
molecules into the central nervous system (CNS). The
influx is seen relatively soon after the drug administra-
tion into the nasal cavity when the large molecules are
associated with the carriers. This could be due to the
transport of carrier-associated drugs across the nasal
mucosa and subsequent uptake of drug-laden carriers
into the olfactory nerve, through which the drug could
be carried towards and into the CNS by the retrograde
transport; such transport has already been postulated
and was tested with individual molecules (Pasechnik-V;
Price-J. Exp. Opin. Invest. Drugs; 5: 1255-1276); the ap-
proach was not used, to the best of the applicant's
knowledge, in combination with particulates to date. An
alternative explanation would involve the carrier-medi-
ated macromolecular delivery into the peri-nasal lym-
phatic system, which has been reported to communi-
cate with the central nervous system (Kida-S; Pantazis-
A; Weller-RO. Neuropathol. Appl. Neurobiol. 1993; 19:
480-448).

[0067] A fourth surprising result achieved in accord-
ance with the present invention is that the referenced
penetrants allow a successful and preferably protective
transnasal immunisation with large immunogens. The
use of highly adaptable antigen- orimmunogen-carriers
for the purposes of immunotherapy is expected to or has
been shown in accordance with the present invention to
provide all the benefits of more conventional nasal vac-
cinations in addition to the safety and robustness of ad-
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ministration. Improved safety would reflect the choice of
the non-toxic and non-irritating carrier ingredients. Bet-
ter reproducibility could result from the greater ability of
the specially designed carriers, compared to that of the
antigens or immunoadjuvants used alone to overcome
the nose barrier. Taken the expectation that different
carrier populations loaded with the individual antigens
could be combined into a final multi-valent vaccine for-
mulation the capability of invented technology to meet
the trend in immunotherapy is given.

[0068] It stands to reason that non-toxic and "gentle”
formulations containing merely bio-compatible or natu-
ral, body-like ingredients, which protect the body faster
and/or better than the corresponding antigen injections,
would be preferred to the latter and would have a sub-
stantial commercial value.

[0069] In accordance with the present invention it is
recommended to choose the penetrant characteristics,
especially the deformability, concentration, or composi-
tion of the mixed lipid aggregates, so as to control the
rate or the efficiency of penetrant-mediated transport.
[0070] In the process of optimisation of the formula-
tion and/or administration it may be convenient to deter-
mine the flux of drug or agent loaded penetrants through
the pores in a well-defined barrier as a function of suit-
able driving force or pressure, which act across the bar-
rier, and then to describe the data by a convenient char-
acteristic curve which, in turn, is employed to optimise
the formulation or application further.

[0071] The pharmaceutically acceptable form of the
agent may be given in a variety of final formulations, op-
tionally, and depending on the purpose of the adminis-
tration, in combination with diverse secondary agents.
Such agents will be exptained in more detail later in the
text and may be, for example, bacterial compounds or
other immunomodulations.

[0072] The carrier is combined with the pharmaceuti-
cally active ingredient prior to the administration, e.g.
when formulating said pharmaceutical composition. As
regards the further explanations, description of advan-
tages etc., of this and the following embodiments, refer-
ence is made to the respective description in connection
with the first embodiment described herein above. It is
further to be understood in accordance with the present
invention that more than one type of antigen, allergen
or pharmaceutically active ingredient or combinations
thereof may be formulated into said pharmaceutical
composition.

[0073] Additionally, the present invention relates to
the use of a penetrant, suspended or dispersed in a sol-
vent, in the form of a minute fluid droplet surrounded by
a membrane-like coating of one or several layers of at
least two different substances or two different forms of
a substance with the tendency to aggregate, said sub-
stances or forms of a substance differing by at least the
factor of 10 in solubility in a preferably aqueous, liquid
medium, such that the average diameter of homo-ag-
gregates of the more soluble substance or form of the
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substance or the average diameter of the hetero-aggre-
gates consisting of both said substances or forms of said
substance is smaller than the average diameter of ho-
mo-aggregates of the less soluble substance or form of
the substance and/or wherein the more soluble compo-
nent tends to solubilise the penetrating droplet and
wherein the content of such component amounts to up
to 99 mol-% of the concentration required to solubilise
the droplet or else corresponds to up to 99 mol-% of the
saturating concentration in the unsolubilised droplet,
whichever is higher, and/or wherein the elastic deforma-
tion energy of the droplet surrounding membrane-like
coating is at least 5x lower, more preferably is at least
10x lower and ideally is more than 10x lower than that
of the red blood cells or of the phospholipid bilayers with
fluid aliphatic chains in combination with a pharmaceu-
tically active ingredient or an allergen or an antigen for
the preparation of a transnasally administerable phar-
maceutical composition for the treatment of infective
diseases, endocrine disorders, preferably hypopituitar-
ism, diabetes, hyperthyroidism, thyroiditis, most prefer-
ably Hashimoto's thyroiditis, subacute thyroiditis; adre-
nal disorders, preferably Addison's disease, secondary
adrenal insufficiency, Cushing's syndrome; gastrointes-
tinal disorders, preferably Crohn's disease, colitis; hem-
orrhagic diseases, preferably hemophilia, leukopenia,
hypereosinophilic syndrome; musculoskeletal and con-
nective tissue disorders, preferably rheumatoid arthritis,
Sjogren's syndrome, Bechet's syndrome, lupus, sclero-
derma, polymyositis/dermatomyositis, polymyalgia
rheumatica and temporal arthritis, polyarteriosis nodo-
sa, Wegener's granulomatosis, mixed connective tissue
disorder, ankylosing spondylitis, psoriatic arthritis, oste-
oarthritis, Paget's disease, sciatica, bursitis, tendonitis
or tenosynovitis, epicondylitis, fibromyalgia, eosi-
nophilic faciitis; neurological disorders, preferably pain,
singultus, vertigo, seizure disorders, sleep disorders,
transient ischemic attacks, spinal cord injury, demyeli-
nating diseases, nerve root disorders, myasthenia
gravis; psychiatric disorders, preferably drug depend-
ence, neuroses, mood disorders, schizophrenic disor-
ders, delusional disorders; for oncological purposes
and/or for treatmentin the field of gynecology, preferably
for the treatment of dysmenorrhea, menopause, chronic
anovulation, premature ovarian failure, endometriosis,
infertility; and/or for treatment in the field of immunology,
preferably transplant rejection, hyposensitation, aller-
gen immunotherapy or prophylactic vaccination.

[0074] The term “allergen” is used in this invention to
describe materials of endogenous or xenogenic, e.g.
animal or plant, origin which result in an undesired im-
mune response of the body exposed to such an aller-
gen, often resulting in an acute hypersensitivity reaction.
Allergising microbes or parts thereof (e.g. of mite), parts
of plants (e.g. pollen) or animal (e.g. hair and skin de-
bris), but also man made and inorganic substances be-
long to this group. On the other hand, nearly any part of
the human body, if incorrectly processed by or exposed
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to the body's immune system, can result in an auto-im-
mune response and lead to the allergic reaction to such
a substance. In the narrower interpretation, used when
so stated, an allergen is a substance, a group, or an ar-
rangement of substances causing immediate hypersen-
sitivity reactions in the body that could be diminished,
or even eliminated, by an immunotherapy, whether done
non-invasively through the skin or not.

[0075] An "antigen® is a part of a pathogen or an al-
lergen in its natural form or after fragmentation or deri-
vatisation. More generally, the word antigen denotes a
macromolecule or a fragment thereof, any haptenic moi-
ety (for example, a simple carbohydrate, complex car-
bohydrate, polysaccharide, deoxyribonucleic acid), in
shont, any molecule recognized by a body's antibody
repertoire and possibly capable of antibody induction
when administered in the system. A macromolecular an-
tigen is defined as an antigen that is known to or be-
lieved to cross spontaneously the nasal barrier only in
quantity too small for the desired practical purpose.
Thus, macromolecules are molecules that, on their own,
do not cross the nasal mucosa in practically useful quan-
tity without causing inacceptable side effects.

[0076] In a preferred embodiment of the use of the
present invention the pharmaceutically active ingredient
is an adrenocorticostaticum, an adrenolyticum, an an-
drogen or antiandrogen, an antiparasiticum, an anaboli-
cum, an anaestheticum or analgesicum, an analepti-
cum, an antiallergicum, antiarrhythmicum, antiartero-
scleroticum, antiasthmaticum and/or bronchospasmo-
lyticum, an antibioticum, antidrepressivum and/or antip-
sychoticum, an antidiabeticum, an antidot, an antieme-
ticum, antiepilepticum, antifibrinolyticum, anticonvulsi-
vum or anticholinergicum, an enzyme, a coenzyme or
the corresponding enzyme inhibitor, an antihistamini-
cum or antihypertonicum, an antihypotonicum, antico-
agulant, antimycoticum, antimyasthenicum, an agent
against Morbus Alzheimer or Morbus Parkinson, an an-
tiphlogisticum, antipyreticum, antirheumaticum, anti-
septicum, a respiratory analepticum or a respiratory
stimulant, a broncholyticum, cardiotonicum, chemother-
apeuticum, a coronary dilatator, a cytostaticum, a diure-
ticum, a ganglium-blocker, a glucocorticoid, an anti-flew
agent, a haemostaticum, hypnoticum, an immunoglob-
ulin or an fragment thereof or any other immunologically
active substance, such as an immunomodulator, a bio-
active carbohydrate (derivative), a contraceptive, an an-
ti-migraine agent, a corticosteroid, a muscle relaxant, a
narcoticum, a neurotherapeuticum, a (poly)nucleotide,
a neurolepticum, a neurotransmitter, a (poly)peptide
(derivative), an opiate, an opthalmicum, {para)-sympa-
ticomimeticum or (para)sympathicolyticum, a protein
(derivative), a psoriasis/neurodermitis drug, a mydriati-
cum, a psychostimulant, rhinologicum, a sleep-inducing
agent, a sedating agent, a spasmolyticum, tuberculo-
staticum, urologicum, a vasoconstrictor or vasodilatator,
a virustaticum, a wound-healing substance, an inhibitor
(antagonist) or a promotor (agonist) of the activity of any
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of above mentioned agents, or any combination of said
active substances. It is preferred that said active ingre-
dient does not itself cross the nasal mucosa in practi-
cally meaningful quantity without inacceptable side ef-
fects.

[0077] In another preferred embodiment of the use of
the present invention the antigen is derived from a path-
ogen.

[0078] In the context of this invention, the term “path-

ogen" refers to an entity which through its presence in
or on the body leads to or promotes a pathological state
which, in principle, is amenable to or could profit from a
preventive, curative or adjuvant immunotherapy.
[0079] In a most preferred embodiment of the use of
the invention said pathogen belongs to the class of ex-
tracellular bacteria, including pus-forming cocci, such as
Staphylococcus and Streptococcus, gram-negative
bacteria, such as Meningococcus and Gonococcus spe-
cies, species of Neisseria, gram negative bacteria, in-
cluding enteric organisms such as E. coli, Salmonella,
Shigella, Pseudomonas, Diptheria, Bordetella Pertus-
sis, and gram-positive bacteria (e.g. Bacillus pestis,
BCG), particularly anaerobes, such as the Clostridium
species, bacteria and viruses, which survive and repli-
cate within host cells, comprising mycobacteria (e.g. M.
tuberculosis) and Listeria monocytogenes, retro- and
adenoviruses, including hepatitis virus, (human) immu-
nodeficiency virus, herpex viruses, small-pox (chicken-
pox), influenza, measles, mumps and polio viruses, cy-
tomegalovirus, rhinovirus, etc., and fungi prospering in-
side host cells, parasites including animal parasites,
such as protozoa and helminths, and ectoparasites,
such as ticks and mites, or Brucella species, including
the causative agent for cholera, Haemophilus species,
as well as pathogens triggering paratyphoid, plague, ra-
bies, tetanus and rubella diseases; eukaryotic cells or
their parts that cause various neoplasiae, auto-immune
diseases and other pathological states of the animal or
human body, which do not necessarily result from mi-
crobial infections, also belong in this group.

[0080] It is most preferred that the antigen, preferably
the pathogen, is used in a purified, or even better in a
pure form.

[0081] Pathogens causing major infective diseases
such as hepatitis virus, (human) immunodeficiency vi-
rus, herpex viruses, small-pox (chicken-pox), influenza,
measles, mumps and polio viruses, cytomegalovirus,
rhinovirus, etc., and fungi prospering inside host cells,
a parasite including animal parasites, such as protozoa
and helminths, and ectoparasites, such as ticks and
mites, or Brucella species, including the causative agent
tor cholera, Haemophilus species, as well as pathogens
triggering paratyphoid, plague, rabies, tetanus and ru-
bella diseases are particularly preferred as are eukary-
otic cells or their parts that cause various neoplasiae,
auto-immune diseases and other pathological states of
the animal or human body, which do not necessarily re-
sult from microbial infections.



19

[0082] In another preferred embodiment of the use of
the invention the allergen is of xenogenic or endogenic
origin, derived from a microorganism, an animal or a
plant, or belonging to the group of man made and/or ir-
ritating inorganic substances, or to such parts or com-
ponents of the human body which were incorrectly proc-
essed by or exposed to the body immune system.
[0083] In further preferred embodiment of the use of
the present invention the allergen belongs to the class
of the inhalation allergens, including but not limited to
various polien, spores, bits of animal hair, skin, feather,
natural and synthetic textiles, wheat, (house) dust, in-
cluding mite; furthermore, food and drug allergens; con-
tact allergens; injection, invasion or depot allergens,
such as various (gastrointestine-resident) worms, echi-
nococci, trichines, etc., or is a part of implantation ma-
terial.

{0084] In an additional preferred embodiment of the
use of the present invention said pharmaceutical com-
position comprises a compound which releases or in-
duces cytokine or anti-cytokine activity or exerts such
an activity itself.

[0085] The term “cytokine®, as used in the present in-
vention, denotes cytokines, such as IL-1, IL-2, IL-3, IL4,
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-
14,1L-15, IL-16, IL-17, IL-18, with all subtypes, such as
IL-1o and IL-1B, tumour necrosis factor (TNF), trans-
forming growth factor (TGF-B and -o), Type | and Il in-
terferons (IFN-a1, IFN-02, (IFN-w), IFN-B, IFN-y), mi-
gration inhibitory factor, MIF, c-kit ligand, granulocyte
macrophage colony stimuiating factor (GM-CSF),
monocyte macrophage colony stimulating factor
(M-CSF), granulocyte colony stimulating factor
(G-CSF), chemokines, etc., as well as all functional de-
rivatives of any of these molecules.

[0086] Cytokines that mediate natural immunity par-
ticularly well include type | interferons (IFN-a and IFN-
B), tumour necrosis factor (TNF), interleukin-1 (IL.-1 o
and IL-1B), interleukin-6 (IL-6) and leukocytes attracting
and activating chemokines. Antiproliferative (e.g. with
IFN-s), pro-inflammatory (e.g. with TNF, IL-1) or co-
stimulatory (e.g. with IL-6) action, amongst other, may
be generated by transnasal administration of the phar-
maceutical composition described in accordance with
the present invention. Cytokines which best mediate
lymphocyte activation, growth and differentiation in-
clude interleukin 2 (IL-2), interleukin-4 (IL-4) and trans-
forming growth factor (TGF). Such cytokines, conse-
quently, not only can affect target growth but, moreover,
influence the activation of, and thus the production of
other cytokines by, the cells which finally may play a role
in therapeutic or prophylactic action.

[0087] Cytokines that mediate the immune-mediated
inflammation which heavily relies on the cell-mediated
response are interferon-gamma (IFN-y), lymphotoxin
(TNF-B), interleukin-10 (IL-10), interleukin-5 (IL-5), in-
terleukin-12 (IL-12) and, probably, migration inhibition
factor. Leukocyte growth and differentiation are most af-
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fected by interleukin-3 (IL-3), c-kit ligand, granulocyte-
macrophage colony stimulating factor (GM-CSF), mac-
rophage or granulocyte colony stimulating factor
(M-CSF or G-CSF) and interleukin-7 (IL-7).

[0088] It is preferred to select the compound display-
ing cytokine activity amongst IL-4, IL-2, TGF, IL-6, TNF,
IL-10. and IL-1B, a type | interferon, amongst which IFN-
alpha or IFN-B are most preferred, IL-12, IFN-y, TNF-8,
IL-5 or IL-10.

[0089] In another preferred embodiment said com-
pound with anti-cytokine activity is an anti-cytokine an-
tibody or the corresponding active fragment, a deriva-
tive, or an analogue thereof.

[0090] In another preferred embodiment of the use of
the present invention, the compound displaying or in-
ducing cytokine or anti-cytokine activity and the phar-
maceutically active ingredient or antigen or allergen are
associated with the penetrant, e.g. in the form of a com-
plex, hetero-aggregate, via encapsulation etc..

[0091] In an additional preferred embodiment of the
use of the present invention the less soluble self-aggre-
gating molecule is a lipid, preferably a polar lipid, and
the more soluble component is a surfactant or some
more soluble form of the polar/basic lipid. The former
ingredient, typically, stems from a biological source or
is a corresponding synthetic lipid or any of its modifica-
tions. Such lipid often belongs to the class of phosphol-
ipids with the chemical formula

'CH, - 0 -R;

l
Rz~O-2CH o)

| I

3CH,-O-P-R;

|
OH

where R, and R, is an aliphatic chain, typically a Cy4.59-
acyl, or -alkyl or a partly unsaturated fatty acid residue,
in particular, an oleoyl-, palmitoeloyl-, elaidoyl-, linoleyl-,
linolenyl-, linolenoyl-, arachidoyl-, vaccinyl-, lauroyl-,
myristoyl-, palmitoyl-, or stearoyl chain, and where Ry
is hydrogen, 2-trimethylamino-1-ethyl, 2-amino-1-ethyl,
C,.4-alkyl, C,_s-alkyl substituted with carboxy, C,_s-alky!
substituted with hydroxy, C,._s-alkyl substituted with car-
boxy and hydroxy, or C,_s-alkyl substituted with carboxy
and amino, inositol, sphingosine, or salts of said sub-
stances, said lipid comprising also glycerides, isopre-
noid lipids, steroids, sterines or sterols, of sulphur- or
carbohydrate-containing lipids, or any other bilayer
forming lipids, and preferably is selected from the group
of phosphatidylcholines, phosphatidylethanolamines,
phosphatidylglycerols, phosphatidylinositols, phospha-
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tidic acids, phosphatidylserines, sphingomyelins or oth-
er sphingophospholipids, glycosphingolipids (including
cerebrosides, ceramidepolyhexosides, sulphatides,
sphingoplasmalogens), gangliosides or other glycolip-
ids or synthetic lipids, in particular with corresponding
sphingosine derivatives, or any other glycolipids, where-
by two similar or different chains can be esterified to the
backbone (as in diacyl and dialkenoyl compound) or be
attached to the backbone with ether bonds, as in dialkyl-
lipids, or belong to the backbone as in sphingolipids.

[0092] The surfactant used, normally, is nonionic,
zwitterionic, anionic or cationic, especially a fatty-acid
or -alcohol, an alkyl-tri/di/methyl-ammonium salt, an
alkylsulphate salt, a monovalent salt of cholate, deoxy-
cholate, glycocholate, glycodeoxycholate, taurodeoxy-
cholate, taurocholate, etc., an acyl- or alkanoyl-dime-
thyl-aminoxide, esp. a dodecyl- dimethyl-aminoxide, an
alkyl- or alkanoyl-N-methylglucamide, N-alkyl-N,N-
dimethylglycine, 3-(acyldimethylammonio)-alkanesul-
phonate, N-acyl-sulphobetaine, a polyethylene-glycol-
octylphenyl ether, esp. a nonaethylene-glycol-octylphe-
ny! ether, a polyethylene-acyl ether, esp. a nonaethylen-
dodecyl ether, a polyethylene-glycol-isoacy! ether, esp.
a octaethylene-glycol-isotridecyl ether, polyethylene-
acyl ether, esp. octaethylenedodecyl ether, polyethyl-
ene-glycol-sorbitane-acyl ester, such as polyethyleng-
lykol-20-monolaurate (Tween 20) or polyethylenglykol-
20-sorbitan-monooleate (Tween 80), a polyhydroxyeth-
ylene-acyl! ether, esp. polyhydroxyethylene-lauryl, -myr-
istoyl, -cetylstearyl, or -oleoyl ether, as in polyhydrox-
yethylene-4 or 6 or 8 or 10 or 12, etc., -lauryl ether (as
in Brij series), or in the corresponding ester, e.g. of pol-
yhydroxyethylen-8-stearate (Myrj 45), myristate-, -lau-
rate, linoleate-, linolenate-, palmitoleate- or -oleate type,
or in polyethoxylated castor oil 40, a sorbitane-
monoalkylate (e.g. in Arlacel or Span), esp. sorbitane-
monolaurate, -myristate, -linoleate, -linolenate-, - palmi-
toleate- or -oleate, an acyl- or alkanoyl-N-methylgluca-
mide, esp. in or decanoyl- or dodecanoyl-N-methylglu-
camide, an alkyl-sulphate (salt), e.g. in lauryl-, myristoyl,
palmitoyl, oleoyl-, palmitoleoyl-, linolenyl-, linoleoyl-,
vaccinyl-, or elaidoyl-sulphate, sodium deoxycholate,
sodium glycodeoxycholate, sodium oleate, sodium tau-
rate, a fatty acid salt, with similar preference for aliphatic
chains as given above, a lysophospholipid, such as n-
octadecylene(=oleoyl)-glycerophosphatidic acid,
-phosphorylglycerol, or -phosphorylserine, n-acyl-, e.g.
lauryl, myristoyl, palmitoyl, oleoyl-, palmitoleoyl-, elai-
dyl-, vaccinyl-, linoleyl-, linolenyl-glycero-phosphatidic
acid, -phosphorylglycerol, or -phosphorylserine, or a
corresponding short, double chain phospholipid, such
dodecyl-phosphatidylcholine, or else is a surface-active
polypeptide. Itis important to realise, however, thatcom-
plexes of polar lipids with other amphipats often can take
the role of surfactants in the coating of a carrier and that
different ionisation or salt forms of the polar lipids may
differ widely in their properties. Ittherefore stands to rea-
son that two different physicochemical states of the
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same (polar) lipid mixed together in a membrane may
produce a highly deformable carrier satisfying the con-
ditions of this invention.

[0093] In an additional preferred embodiment of the
use of the present invention, the more soluble compo-
nent is an agent to be transported across the barrier,
said agent having a tendency to form common large
structures with the less soluble component(s) of the
penetrant, typically in the form of a physical or a chem-
ical complex.

[0094] In a further preferred use of the invention, the
more soluble component tends to solubilise the pene-
trating droplet and is present in concentration not ex-
ceeding 99 mol% of the concentration required to disin-
tegrate the droplet or, alternatively, not exceeding 99
mol% of the saturating concentration in the unsolubi-
lised droplet, whichever is higher, values below 50 % of
the former relative concentration being particularly use-
ful, with values below 40 rel-% or even around and be-
low 30 rel-% being even more advantageous, whereas
in the case of droplets which cannot be solubilised by
the more soluble component relative concentrations
which exceed the above mentioned relative concentra-
tions by the factor of up to 2 are most preferred.
[0095] In a different preferred embodiment of the use
of the invention, the less soluble penetrant component
is a lipid, preferably a polar lipid and the more soluble
component is a surfactant or a surfactant-like molecule
or else such form of polar lipid which is sufficiently sol-
uble for the purpose of this invention.

[0096] In another preferred embodiment of the use ot
the present invention, the average penetrant diameter
is between 25 nm and 500 nm, preferably between 30
nm and 250 nm, even more preferably between 35 nm
and 200 nm and particularly preferably between 40 nm
and 150 nm.

[0097] In a different preferred embodiment of the use
of the present invention the penetrant concentration in
the formulation for the use in the human or animal nose
is 0.001 weight-% (w-%) to 20 w-% of total dry mass in
the formulation, in particular between 0.01 w-% and 15
w-%, more preferably between 0.1 w-% and 12.5 w-%
and most preferred between 0.5 w-% and 10 w-%.
[0098] In a further preferred embodiment of the use
of the present invention the supporting medium, e.g. a
buffer, is selected to be a biocompatible solution with an
osmotic activity similar to that of a monovalent electro-
lyte with a concentration range between 1 mM and 500
mM, more preferably between 10 mM and 400 mM, even
more preferably between 50 mM and 300 mM, and most
preferably between 100 mM and 200 mM or else such
solution that affords practically sufficient penetrant sta-
bility combined with practically sufficient transport rate
across the barrier. The term "practically sufficient pen-
etrant stability” means that the penetrant stability meets
the reasonable product quality criteria. The term "prac-
tically sufficient transport rate” means that enough drug
is transported through the barrier without using unrea-
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sonably large application volume or time. Said sufficient
penetrant stability combined with sufficient transport
rate across the barrier can be determined by the person
skilled in the art without undue experimentation.
[0099] In another preferred embodiment of the use of
the present invention, the relative drug or agent concen-
tration is between 0.001 w-% and 40 w-% of total pen-
etrant mass, in particular between 0.01 w-% and 30 w-
%, even better between 0.1 w-% and 25 w-% and most
preferably between 0.5 w-% and 15 w-%.

[0100] Inone further preferred embodiment of the use
of the present invention the medium supporting the
drugs and carriers is a biocompatible buffer with pH val-
ue between 4 and 10, more frequently between 5 and 9
and most often between 6 and 8.

[0101] In another preferred embodiment of the use of
the present invention additives are included in said com-
position to reduce the system sensitivity to chemical, bi-
ological or ambient stress, including anti-oxidants, an-
tagonists of undesired enzyme action, cryo-preserv-
ants, microbicides, etc., or else modulators of physically
important system properties, such as formulation vis-
cosity, etc..

[0102] In adifferent preferred embodiment of the use
of the present invention the relative drug or agent dose
to be administered non-invasively through the nose by
means of highly adaptable carriers is chosen to be be-
tween 0.1x and 500x, more often between 0.5x and
250x, and even more preferably between 1x and 100x
different from the corresponding drug or agent dose that
would have to be injected to achieve the desired biolog-
ical effects. Again, the latter dose can be determined by
the person skilled in the art without undue experimen-
tation and on the basis of his common general knowl-
edge.

[0103] In another preferred embodiment of the use of
the present invention the applied penetrant dose is be-
tween 0.01 mg and 15 mg per nostril, even more often
is in the range 0.1 mg and 10 mg per nostril, and pref-
erably is between 0.5 mg and 5 mg per nostril.

[0104] The efficiency of administration and the biolog-
ical effects of the agent or drug chosen, consequently,
can be controlled by using different application volumes.
Various metered delivery devices can be used for the
purpose.

[0105] Accordingly, in an additional preferred embod-
iment of the use of the present invention said formulation
is administered using a metered delivery device.
[0106] Inone further preferred embodiment of the use
of the present invention different application volumes
are selected to control the efficiency of administration
and the biological effects of the chosen agent or drug.
[0107] In a different preferred embodiment of the use
of the present invention the penetrants in suspension
are loaded with the drugs or agents within 24 hours prior
to the formulation administration, preferably 360 min,
more preferably 60 min and even more preferably 30
min before the resulting formulation is administrated in
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the nose. This embodiment is expected to improve the
formulation stability, loading efficiency, the release ki-
netics, ease of use, compliance, etc..

[0108] In another preferred embodiment of the use of
the present invention the, delivery device is loaded at
the treatment site.

[0109] In a further preferred embodiment of the use
of the present invention the delivery device is loaded
separately with penetrants and the molecules, particu-
larly biological agents, to be associated therewith.
[0110) Inone further preferred embodiment of the use
of the present invention the pharmaceutically active in-
gredient is for administration to the nervous system.
[0111] The term “administration® in connection with
this embodiment means that the pharmaceutical com-
position is transnasally applied, but the target site of the
active ingredient is the nervous system, preferably the
CNS and most preferably the brain. The possibility to
use nasal application of the highly adaptable, drug-load-
ed penetrants in the nose to mediate a practically useful
transfer of the drug across the barrier can thus be ex-
ploited to transport a meaningful amount of the drug,
and to create a significant concentration of such drug,
in the central nervous system or some other adjacent
tissue, such as the eye.

[0112] In another preferred embodiment of the inven-
tion, the pharmaceutical composition is a vaccine.
[0113] Said vaccine can be used for therapeutic or
prophylactic vaccination.

[0114] The term “(therapeutic) vaccination® in the
context of this invention describes any kind of therapeu-
tic immunisation, whether done after the disease has
been already established, to improve a clinical situation,
or else for the purpose of preventing a disease. Such a
vaccination can involve single or repeated administra-
tion(s) of the vaccine of the invention. Therapeutic vac-
cination will either prevent a pathological situation and/
or improve a clinical situation. When applied as a pre-
ventive agent, it will generally result in a protective im-
mune response.

[0115] Immunisation denotes any kind of provoking
an immune response, irrespective of whether said re-
sponse is therapeutic or non-therapeutic.

[0116] An "antibody” or an “immunoglobulin® denotes
an IgA, IgD, IgE, 1gG, or IgM, including all subtypes,
such as IgA1 and IgA2, IgG1, 1gG2, IgG3, 1gG4. Their
"derivatives” include chemical, biochemical and other-
wise obtainable derivatives, such as genetically engi-
neered antibody derivatives Fragments include e.g. sin-
gle chain fragments, Fc-, Fab- F(ab'),- and other parts
of Ig-s, independent of whether they are of endogenous,
xenogenic, (semi)synthetic or recombinant origin. Also
comprised by the invention are complexes of two or
more of the above-recited antibodies, derivatives or
fragments.

[0117] The term “immunogen” denotes a hapten cou-
pled to an immunological carrier or an antigen, free or
associated with a carrier, which is capable of inducing
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an immune response.

[0118] ‘“Immuno-tolerance® denotes the lack or, more
generally, the reduction of an undesired immune re-
sponse to an antigen.

[0119] Th1 (T-helper cell type ) related antibodies in-
clude 1gG2a, 1gG2b and IgG3.

[0120] Th2 (T-helper cell type 1) related antibodies
comprise the classes of 1gG1, 1gG4 and IgE.

[0121] As has been indicated above, the successful
immunisation with the vaccine through the nose is a sig-
nificant step forward in the design of conveniently ad-
ministrable vaccines that (a) are highly efficient over a
wide range of immunogens of varying size and proper-
ties; (b) can be formulated together with certain cy-
tokines, compounds that mediate cytokine activity or
compounds that antagonize cytokine activity in order to
specifically direct the corresponding immune response
or to augment or suppress the same as may be desired;
(c) do not depend on the perturbing injection by a nee-
dle; and (d) cause no irritating side effects. In addition,
with the vaccine described in the invention, successful
tolerogenisation may be achieved.

[0122] It has inter alia been found in accordance with
the present invention that

- Tween-SPC micelles give protection significantly
below that of the vaccine, suggesting that the small
size of the carrier or the presence of surfactants
alone does not suffice for a successful immunisa-
tion;

- orally administered immuno-carriers create lower
specific antibody titers than the transnasally admin-
istered vaccine, as determined on the basis of ab-
sorbance measurements;

- the transnasal vaccine gives rise to higher specific
IgG1 and IgG2 titers in the blood and to comparable
IgG2a and IgM titers as compared to mixed mi-
celles; all titers were, on top of this, higher than
thosé generated by immunisation with SPC:choles-
terol (1:1) liposomes.

[0123] When the transnasal vaccine is formulated to-
gether with a cytokine or an immunoadjuvant it is ad-
vantageous to use (blends of) bacterial extracts. Spe-
cific examples given in this application inciude mono-
phosphoryl lipid A (MPL) and IL-12 or GM-CSF and IL-
4. In principle, however, the vaccine may be formulated
or applied together with any of the compounds mediat-
ing, inducing or displaying cytokine activity or with an-
tagonists thereto that have been recited herein above.
[0124] Itis preferred in accordance with the use of the
invention that the vaccine further comprises a pathogen
extract or a compound from a pathogen or a fragment
or a derivative thereof.

[0125] Most preferably, said pathogen extract or com-
pound is selected from hepatitis virus, (human) immun-
odeficiency virus, herpex viruses, small-pox (chicken-
pox), influenza, measles, mumps or polio viruses, cy-
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tomegalovirus, rhinovirus, etc., or fungi prospering In-
side host cells, a parasite including animal parasites,
such as protozoa and helminths, and ectoparasites,
such as ticks and mites, or Brucella species, including
the causative agent for cholera, Haemophilus species,
as well as pathogens triggering paratyphoid, plague, ra-
bies, tetanus or rubella diseases.

[0126] Itis additionally preferred that said vaccine fur-
ther comprises an adjuvant.

[0127] The term "adjuvant” is used here to describe
any substance which supports, augments, stimulates,
activates, potentiates or modulates the desired immune
response of either cellular or humoral type, specifically
in the case of a prophylactic treatment by increasing the
antigen specific immune response of any kind and in the
case of therapeutic treatment often by supporting cell-
mediated immunity. This can be achieved by the addi-
tion of suitable cytokines, their blends or suitable ago-
nists and antagonists. The class of immunoadjuvants
which indirectly contribute to the useful cytokine pool in-
cludes small chemical entities with an allergenic poten-
tial, such as certain allergenic (metal) ions, including but
not limited to LiCl, HgCl,, molibdenum, acids, bases and
other irritating compounds, such as dicyclohexylmeth-
ane-4,4'-diisocyanate, ditrocarb  (diethyldithiocar-
bamate), 2,4-dinitrochlorobenzene, isoprinosine, iso-
phorone-diisocyanate, levamisole, (phenyl)oxazolone
and alike, Swansonine, sizofran, phthalic anhydride,
thymopentin, (fatty) alcohols, (fatty) amines, (fatty)
ethers, ricin, or other suitable amphiphiles, many sur-
factants and chemical permeation enhancers, as well
as derivatives or combinations thereof; furthermore,
(low molecular weight) fragments of or derivatives from
microbes, including lipopolysaccharides (such as LPS),
cord-factor (trehalose-dimycolate) and other (poly)sac-
charides or (poly)peptides attached to membranes,
used in sufficient quantity, acetylmuramyl-alanyli-
soglutamin, and larger fragments of microbes, including
bacterial exo- and endotoxins, or enterotoxins, such as
cholera toxin and the heat labile toxin of E. coli, and their
macromolecular fragments, such as A-chain deriva-
tives, most, if not all, of which seem to posses ADP-ri-
bosylating activity, the high potency immunoadjuvant LT
holotoxin, etc., cell-wall skeleton, attenuated bacteria,
such as BCG, etc. Less established examples include
clostridial toxin, purified protein derivative of M. tuber-
culosis, LT-R192G, Fibronectin-binding protein | of
Streptococcus pyrogenes, outer membrane protein of
group B Neisseria meningitidis (GBOMP), various other
peptidoglycanes, etc.. Immunoadjuvants, in other
words, include molecules that alter the uptake or pres-
entation of antigens, activate or increase the prolifera-
tion of antigen specific lymphocytes, or interfere with the
dominant control mechanism in the immune response,
not just in the nose but also in the other immunocompe-
tent tissues. (The mucosal adjuvant activity of ADP-ri-
bosylating bacterial enterotoxins is a well established
and known example for this.) On the other hand, mole-
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cules which change the (relative) concentrations of cy-
tokines or other immunoadjuvants, such as anti-immu-
noadjuvant antibodies or other agonists or antagonists
of immunoadjuvants, also are immunoadjuvants in the
sense of this invention. The same is true for molecules
which affect lymphocyte homing, such as various se-
lectins (LECAMS, e.g. various CD62-s), GlyCAM-1,
MadCAM-1, VCAM-1, ICAM-1, hyaluronate, etc., and
other chemokines, such as RANTES or MCP-1. Endog-
enous group of immunoadjuvants furthermore compris-
es histamines, transfer factor, tuftsin, etc.. As many of
the above mentioned immunoadjuvants do not have suf-
ficient potency to ensure the desired effect after the non-
invasive immunisation at too low, and sometimes too
high, concentration or on their own, the functional defi-
nition of an adjuvant used in this work includes a fortiory
sufficient and such modulation of cytokine concentration
and distribution pattern in the body that results in mount-
ing the desired therapeutic or prophylactic immune re-
sponse. If required to gain clarity said modulation and
its extent must be determined in a dedicated experi-
ment, in which the specific cytokine levels are deter-
mined, using methods known to the person skilled in the
field.

[0128] In a further preferred embodiment of the use
of the invention, said adjuvant is lipopolysaccharide,
such as lipid A or a derivative or modification thereof,
such as monophosphoryl lipid A, or its analogue, such
as a fatty derivative of saccharose, cord-factor (treha-
lose-dimycolate), muramyl dipeptide, or another (poly}
saccharide or (poly)peptide identical to or resembling an
immunologically active part of a membrane of a micro-
organism; an extract of a microorganism, including bac-
terial exo- and endotoxins, preferably cholera toxin or
the heat labile toxin of E. coli, an A-chain derivative, a
component with an ADP-ribosylating activity, a pepti-
doglycane, a clostridial toxin, an LT halotoxin, purified
protein derivative of M. tuberculosis, LT-R192G, Fi-
bronectin-binding protein | of Streptococcus pyrogenes,
or outer membrane protein of group B Neisseria menin-
gitidis (GBOMP).

[0129] Itis most preferred in accordance with the use
of the invention that the vaccine comprises a blend of
MPL and IL-12 or GM-CSF and IL-4, when pure cy-
tokines and their inducers are used.

[0130] In a different preferred embodiment of the use
of the present invention the relative immunogen/antigen
dose in said vaccine to be administered non-invasively
through the nose by means of highly adaptable carriers
is chosen to be between 0.01x and 100x, more often
between 0.05x and 75x, and even more preferably be-
tween 0.1x and 50x different from the corresponding im-
munogen/antigen that would have to be injected to
achieve the desired biological effect. Again, the latter
dose can be determined by the person skilled in the arn
without undue experimentation and on the basis of his
common general knowledge.

[0131] Itis further preferred in accordance with the in-
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vention that in said vaccine the concentration of the tran-
snasally administered adjuvant is between 10x lower
and up to 1000x higher than used with the correspond-
ing subcutaneously injected formulations employing
similar antigen, the transnasally administered immuno-
adjuvant concentration more often differing from the in-
jected immunoadjuvant concentration by the factor be-
tween 0.5 and 100, or better, by the factor between 1
and 50, and best between 2 and 25.

[0132] Different administration volumes may be se-
lected to control the applied immunogen dose and the
outcome of vaccination. Various metered devices can
be used for the purpose.

[0133] A suspension of antigen-free penetrants may
be loaded with the antigen to be associated therewith
during the day prior to an administration, preferably 360
min, more preferably 60 min and even more preferably
30 min before administering the resulting formulation in
the nose.

[0134] At least one dose of vaccine may be adminis-
tered.

[0135] This embodiment includes the repeated ad-
ministration of the vaccine described in accordance with
the use of the invention. Repeated administration in-
cludes repeated administration in the nose or one or
more administrations in the nose in combination with
conventional, e.g. parenteral administrations. In this
connection, a kit may be advantageously made to com-
prise one or more containers, ampules or other kind of
units comprising the vaccine.

[0136] Thetime interval between the subsequent vac-
cinations may be chosen to be between 2 weeks and 5
years, often between 1 month and up to 3 years, more
frequently between 2 months and 1.5 years.

[0137] Repeated immunogen administration may be
advocated to maximise the final effect of a therapeutic
vaccination. It is proposed to use between 2 and 10, of-
ten between 2 and 7, more typically up to 5 and most
preferred up to 3 immunisations, when a non-allergenic
antigen is used, or such a number of times, in the case
of allergens, as is required either to achieve the desired
immuno-tolerance, determined as described above or
by some other suitable assessment method, or else to
deem the effort as having failed. The time interval be-
tween subsequent vaccinations should preferably be
between 2 weeks and 5 years, often between 1 month
and up to 3 years, more frequently between 2 months
and 1.5 years, when a subject is being immunised for
the first time. Rodents, such as mice and rabbits are ad-
vantageously immunised in 2 weeks interval, primates,
e.g. monkeys and often humans, need a booster vacci-
nation in 3-6 months interval.

[0138] The flux of penetrants that carry an immuno-
gen through the various pores in a well-defined barrier
may be determined as a function of the suitable driving
force or a pressure acting across the barrier and the data
are then conveniently described by a characteristic
curve which, in turn, is employed to optimise the formu-
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lation or application further.

[0139] The disclosure content of the documents cited
throughout this specification are herewith incorporated
by reference. Further incorporated by reference is the
complete disclosure content of the co-pending applica-
tion filed in the name of Innovative Dermale Applikatio-
nen GmbH and bearing the title "Noninvasive vaccina-
tion through the skin®.

[0140] The figures show:

Figure 1 illustrates the effect of nasal insulin admin-
istration by means of carriers in an insulin depend-
ent diabetes mellitus patient, with the result of ani.
v.injection of fast-actinginsulin (Actrapid, Novo-Nor-
disk) shown in the inset for reference.

Figure 2 illustrates the glucodynamics in a healthy
human volunteer following intranasal administra-
tion of insulin by means of Transfersomes. Inset
gives the result of intravenous injection of similar
formulation for reference purpose.

Figures 3a and 3b provide further examples meas-
ured with a healthy volunteer following intranasal
administration of insulin formulations with inferior
characteristics, believed to be due to too slow drug
release from the carrier.

Figure 4 illustrates the capability of nasally admin-
istered cytokines, associated with Transfersomes,
to affect the outcome of transnasal immunisation
with tetanus toxoid.

Figure 5 illustrates the biodistribution of insulin-de-
rived radioactivity in mice following nasal adminis-
tration of the agent in transfersomes.

Figure 6 gives the corresponding results for inter-
feron, as measured in mice.

Figures 7 illustrate the effect of changing aggregate
size and/or deformability on TT specific immune re-
sponse in mice treated with various mixed micelles,
Transfersomes or liposomes loaded with TT. Panels
a and b show antibody isotype patterns, and in pan-
el ¢ the total antibody titre, as expressed in absorb-
ency change is given.

Figures 8 highlight the (small) effect of changing an-
tigen dose (in the high dosage range) on transnasal
immunisation of mice with TT by means of Trans-
fersomes with or without lipid A derivative as anim-
munoadjuvant. In panel a, the results of total ab-
sorbance measurements are given, panel b shows
the corresponding titration curves, and panel ¢
gives the relevant antibody isotypes.

Figure 9 is organised in similar fashion to compare
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the outcome of intranasal, oral or subcutaneous TT
administration using different antigen doses and pu-

rity.

For comparison, in figure 10, animal protection (sur-
vival) data are given for the experiments in which
several doses and administration routes were com-
pared.

Figure 11 presents a set of data on the effect of var-
ious cytokines, or their combination, on the murine
immune response to TT administered into the nose
by means of transfersomes, with s.c. data given for
comparison. Panel a gives the absorbance and titre
data and panel b contains the isotype distribution
results.

Figure 12 deals with the effects of combining low
and high molecular weight immuno-adjuvants (lipid
a analogue and interleukin-12).

Figure 13 illustrates the effect of specific cytokine
inducers of microbial origin. Cholera toxin (CT) is
used for the purpose.

[0141] The examples illustrate the invention.
EXAMPLES

General experimental set-up and sample
preparation

[0142] Conventional vesicles, liposomes, com-
prised soy phosphatidylcholine (SPC; Nattermann
Phospholipids, Rhone-Poulenc Rorer, Cologne, Ger-
many). The suspension containing 10 w-% of the lipid
in form of multilamellar vesicles was prepared by sus-
pending the lipid in a buffer and then extruding the sus-
pension through several polycarbonate membranes
(with 800 nm, 400 nm, 200 nm and 100 nm pores, re-
spectively) to narrow down the final vesicle size distri-
bution. If required, as judged on the basis of optical in-
spection or the dynamic light scattering done after the
latter steps, extrusions were repeated several (up to 5)
times. In some cases, the vesicles were first extruded
to a diameter of app. 50 nm and then frozen and thawed
three times to enlarge the vesicles again, owing to inter-
vesicle fusion. Subsequently, the formulation was
passed through a micro-porous filter (100 nm; Poretics,
CA), under pressure, to prepare the final suspension of
oligo- or unilamellar vesicles.

[0143) Highly adaptable penetrants, used in the de-
scribed examples, typically had the form of ultradeform-
able vesicles (Transfersomes™) with one or a few bi-
layers. They comprised a mixture of phosphatidyicho-
line and (bio)surfactants (cholate or polysorbate (Tween
80})), and various biologically active ingredients, such as
insulin, interferon, interleukin, or GC-SF.
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[0144] The above mentioned penetrants were pre-
pared by mixing the phospholipid(s) with a suitable
membrane-softening agent, such as cholate or polys-
orbate, as the case may be, either in an aqueous buffer
or in ethanol; occasionally chloroform was used. In the
latter two cases, which gave similar results, the solvent
was evaporated under vacuum (10 Pa, overnight). The
resulting lipid film was then hydrated with a buffer (pH
around 7) to get a 10 wt-% lipid suspension, by and
large. Vesicles were brought to the final, desired size by
sequential extrusion as described for liposomes, using
mainly filters with smaller pore sizes. The final size of
Transfersomes was similar to that of liposomes.
[0145] Changing the surfactant-to-lipid ratio is be-
lieved to affect the mixed lipid bilayers deformability: the
higher the surfactant concentration, the more adaptable
is the resulting aggregate, up to the concentration at
which the mixed lipid membranes became unstable, ow-
ing to the high surfactant concentration. At such point
the mixed aggregates revert into micelles which no long-
er change their shape easily, owing to the low compress-
ibility of the micelle interior. Vesicles without a surfactant
or some other edge active ingredient, which are com-
monly known as liposomes and have at least 10x less
flexible membranes than the more deformable mixed li-
pid vesicles, are a convenient negative control for the
latter. The other obvious control are

[0146] Mixed lipid micelles containing similar ingre-
dients as the corresponding highly adaptable pene-
trants, but in a different ratio, such that the edge active
component (typically, but not necessarily, the sur-
factant) concentration is above the solubilization con-
centration value. To prepare said micelles, individual
components were mixed in the aqueous phase and per-
mitted them to interact until the mixture became optically
clear, that is, solubilised, as judged by optical inspection
or absorption measurement at 400 nm to 600 nm.

Experiments carried out on human volunteers

[0147] To test biological activity of insulin carriers in
humans, a freshly prepared test formulation was used
in the nose of two test subjects. The first was a normo-
glycaemic (male, 74 kg, 173 cm, 45 years), the second
was a C-peptide negative IDDM patient (female, 62 kg,
167 cm, 26 years). The test persons fasted between 6
h and 12 h prior to insulin administration.

[0148] Tofollow the temporal variation of glucose con-
centration in the blood, 5 pL to 30 u samples taken, eve-
ry 10 min to 15 min, from the fingers on both arms. After
an initial test period, during which the ‘normal’ blood glu-
cose concentration and/or its change was determined,
a suspension of carriers loaded with insulin (Transfer-
sulin) was sprayed into each nostril, using conventional
non-metered sprayer, in a series of 150 plL puffs. Care
was taken to minimise the spill-over of test formulation
into the throat or the dropping of said formulation from
the nose.
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[0149] Commercial glucometer (Accutrend™, Boe-
hringer-Mannheim) was employed to determine the
blood sugar concentration. At each time point, three in-
dividual, independent readings were made, except
when the standard deviation was so high as to require
repeated measurements.

[0150] The test formulations were made essentially
as described in patent application PCT/EP98/06750. In
brief, a suspension of highly adaptable penetrants with
the above mentioned composition and an average di-
ameter of the order of 100 nm to 150 nm was loaded
with the drug, based on interfacial adsorption, and used
within 24 h after the preparation. The drug-carrier asso-
ciation in the formulation was determined to be between
60 % and 70 %.

[0151] To administer the drug laden suspension into
the nose, the preparation was filled into a commercial
nebuliser (with a hand-driven pump, vertically oriented
spraying nozzle and a puff volume of 150 uL, on the av-
erage). One puff was given into each nostril at a time,
while the test subject gently sniffed.

[0152] The total number of puffs was a function of the
application dose (in this case: 2). Immediate spill-over
into the throat or partial leakage of the fluid from the nose
was reported in 10-20 % of cases. No side effects, such
as local irritation, sneezing, etc., were observed.

Example 1:
[0153)

28.4 mg/mL phosphatidylcholine from soy-bean
9.5 mg/mL phosphatidylglycerol from soy-bean
62.1 mg/mL Tween 80

phosphate buffer, pH 7.4

human recombinant (hr) insulin, 50 IU/mL
(from Actrapid 100 HM™, Novo-Nordisk)

Applied dose: ~5 U per nostril

[0154] Results measured with a healthy subject are
shown in figure 1. They reveal a transient decrease in
the systemic blood glucose concentration after two ad-
ministrations of the drug in carriers (closed symbols),
with a maximum after 20-30 min and a return to the pre-
treatment value after approximately 1 h in either case.
The observed change in glucose level corresponds to
approximately 8.5 % of the decrease was measured in
an independent experiment after intravenous injection
of the drug (Inset: open symbols). The reproducibility re-
mains to be improved, however, the first application, bi-
ased by the lack in administration skill having been less
successful than the second administration.

[0155] Noirritation or other unpleasant sensation was
reported by the test person after nasal administration of
insulin in highly adaptable penetrants.
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Example 2:

Insulin loaded, highly adaptable carriers in an IDDM
patient

{0156] highly adaptable penetrants:
as given in example 1
Applied dose: 25 IU per nostril

[0157] Test preparation and experiment was per-
formed as described with previous example. The last
administration of conventional insulin (Monotard™,
Novo-Nordisk), at the dose of 22 IU was done at 10 p.
m. on the previous day. Test subject, moreover, was sta-
bilised by using long-acting insulin on the test day prior
to nasal administration of the insulin associated with
highly adaptable drug carriers.

[0158] Results of an experiment done with said IDDM
patient is illustrated in figure 2. Owing to the lack of en-
dogenic insulin production in this test subject, the pre-
treatment blood glucose concentration was slightly
above the normal, but relatively constant. The change
resulting from nasal drug administration with ultra-
adaptable carriers, has more a step-like rather than a
peak-like shape (closed symbols), completed within 75
min. This is precisely what one would expect for an ID-
DM patient. The result of an i.v. injection of rapidly acting
insulin (Actrapid™, Novo-Nordisk) in the same test per-
son on a different occasion (inset: open symbols) cor-
roborates the conclusion. An estimate of apparent bio-
availability of nasal insulin based on these data is
around 4 % and, consequently, somewhat lower than
that reported in example 1. This may have to do with the
presumed variability in drug release between different
formulations which is illustrated in the following exam-
ples.

[0159] Nasal administration of carrier-associated in-
sulin, according to the test person, caused no adverse
side effect, locally or systemically.

Examples 3-5:
Insulin associated with suboptimal carriers

[0160] Carriers

as in previous examples, but believed not to release the
drug readily owing to the higher affinity of selected in-
sulin batch for the carrier, which makes the drug adsorp-
tion irreversible.

Applied doses: 50 IU, 50 IU

[0161] Results of the test measurements done with
several different vesicle suspensions, illustrated in fig-
ure 3, signal lack of action for the insulin administered
nasally with such carriers. The blood glucose concen-
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tration in the investigated normoglycaemic test person
remains the same before, during and after the drug ad-
ministration, for several hours at least. This suggests
that the mere presence of carriers, or their ingredients,
is insufficient to improve the bioavailability of nasally ap-
plied macromolecules, such as insulin. To achieve the
desired biological effect, the rate of drug release from
the carrier must also be adequate, such rate being de-
termined in in dedicated ex vivo experiments by using
conventional protein binding deassociation techniques.

Animal experiments
Examples 6-9 :

Labelled insulin delivery across nasal mucosa of test
mice

[0162] highly adaptable penetrants:

87.4 mg/mL phosphatidylcholine from soy bean
(SPC)

12.6 mg/mL of a 50 % ionised cholic acid
phosphate buffer, 50 mM, pH 6.5

hr-Insulin (Actrapid™, Novo-Nordisk)

labelled insulin from Amersham

(345 pL contain 1.08 pg insulin and 1.725 mg BSA)

[0163] 125)-labelled insulin (210 pL) was mixed with
210 pL of hr-insulin {Actrapid™ Novo-Nordisk, 100 HM)
and purified 2 times by centrifugation to eliminate the
non-bound fabel, which diffuses across the barrier much
faster and better than whole drug molecules. 100 pL of
the resulting solution was mixed with 150 pL phosphate
buffer to yield pH around 7. Protein solution and lipids
were processed together, bringing the final vesicle size
by repeated extrusion through 100 nm pore filters to val-
ues around 150 nm.

[0164] Mice of NMRI strain (36 g to 51 g) from a local
supplier were kept in suspension cages in groups of 4
to 6. The animals had free access to standard chow and
water. Each mouse received 2.5 pL of labelled penetrant
suspension containing insulin per nostril. Then, the de-
crease in total radioactivity was assessed by whole-
body camera at least 2 times. At different times the mice
were killed and all major organs were taken and meas-
ured separately. The carcass was measured in two
steps, after organ elimination and then after separation
of the head. Radioactivity in excrement and cage was
also determined.

[0165] Results pertaining to different time-points are
given in Figure 4. They show that substantial amount of
nasally administered radioactivity is recovered from the
body, even after exclusion of gastro-intestinal tract, es-
pecially during the first hours following suspension ad-
ministration. Values in the blood are in the range of 9 %
at 0.5 h and 2 %, the specific concentration falling from
3 %/mL at the beginning to 0.7 %/mL at the end. Activity
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in the nose decreases from 10.4 % at 0.5 h t0 0.3 % at
8 h. Liver values are between 2.3 % after 0.5 h, the max-
imum around 2.8 at 1 h and values above 1 % after 4 h.
After 8 h, the residuum in the liver is around 0.4 %. The
relatively high hepatic values are suggestive of passage
of particles, that is, penetrants, through the barrier and
subsequent uptake in the reticulo-endothelial system.
[0166] Corresponding CNS values are 0.1 % and 0.03
%. Maximum in the brain is measured between the first
and second hour with app. 0.11 % and 0.14 %, respec-
tively, which amounts to around 0.3 %/g organ. These,
apparently low values compare favourably with the re-
sult of more conventional drug delivery into CNS which
yields values below 0.5 % of injected dose or around
0.15 %/g organ, for example, when transferrin-receptor
is used to deliver the drug (Pasechnik & Price, 1996). In
the case of white-germ agglutinin 0.1 % was found in
olfactory bulb.

Examples 10-11 :

[0167] highly adaptable penetrants

87.4 mg/mL phosphatidylcholine from soy bean
(SPC)

12.6 mg/mL of a 50 % ionised cholic acid
phosphate buffer, 50 mM, pH 6.5

human recombinant insulin (Actrapid™, Novo-Nor-
disk)

labelled insulin from Amersham

[0168] In arelated experiment, 345 ulL of 125|-labelled
insulin was mixed with 345 plL of cold Actrapid™
(Novo-Nordisk) and purified 2 times, as in previous ex-
periment. After addition of 200 pL phosphate buffer, 150
pL of resulting solution was mixed with the lipids and
extruded to final vesicle size. The applied dose was 3
pL per nostril. Mice were killed after 1 h, fixed, cut in thin
sections and inspected by the whole-body radiography.
Free insulin in solution was used for comparison.
[0169] The results of above mentioned experiments
(not shown) revealed high label accumulation in the na-
sal region, as one would expect, substantial spill-over
into the Gl tract, very high density in the bladder, but
also some radioactivity in the liver, which appears to be
slightly higher for the carrier-derived than for the free
insulin.

Examples 12-13:

Labelled interferon-gamma delivery across nasal
mucosa of test mice

[0170] highly adaptable penetrants
86.6 mg/mL phosphatidylcholine from soy bean

(SPC)
13.4 mg/mL Na cholate
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phosphate buffer, 10 mM, pH 7.2 (nominal)

1 mg IFN-gamma/mL suspension

(100 uCi/mL suspension, as 3-125I-tyrosyl-IFN-
gamma)

Applied dose: 5 pL nostril

[0171] Mice of NMRI strain (36+0.6 g) were housed
and taken care of as described with previous examples.
Prior to the test formulation application, the animals
were sedated as described before. Test formulation then
was administered through a fine catheter in two drops
of 5 uL, resulting in the total dose of 1 mg lipid. After
this, the animals were kept in separate cages to prevent
mutual contamination.

[0172] Measured radioactivity in the blood was found
to correspond to app. 2.5 % of the applied dose, liver
concentration being at app. 2 % and colon concentration
around 2.5 %, all after 2 h. The highest amount of radi-
oactivity by then was recovered from the stomach (37
%) and in the cage plus excrement (32 %).

[0173] In the central nervous system (CNS) 0.06 % of
total nasally applied dose, as judged by derived radio-
activity, was present 1 h after the drug administration by
means of highly adaptable, protein-loaded mixed lipid-
surfactant vesicles.

Examples 14-19:
Cytokine delivery across the nasal mucosa of test mice
[0174] highly adaptable penetrants

37.7 mg/mL phosphatidylcholine from soy bean
(SPC)

62.3 mg/mL polysorbate (Tween 80)

phosphate buffer, 10 mM, pH 6.5

Tetanus toxoid, as antigen (2 mg/mL)

Interferon-y (IFG-y)

Granulocyte-monocyte-colony stimulating factor
(GM-CSF)

Interleukin 4 (I1L-4)

Interleukin 12 (IL-12)

Applied dose: 3 pL per nostril

[0175] Mice of Swiss albino strain (18-20 g) were ob-
tained from The National Institute of Nutrition (Hydera-
bad, India). They were 8 to 12 weeks old at the time of
first immunisation. The antigen alone or in combination
with various cytokines, both believed to be at least partly
associated with the carriers, was positioned with a se-
quencing in front of the animal nose and left to be
sucked-in by the latter. Blood samples were collected
retro-orbitally and tested with specific antibodies direct-
ed against the employed antigen by measuring absorb-
ance at 492 nm, after subtaction of blank samples with
ELISA.
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[0176] The results of above mentioned measure-
ments, illustrated in figure 6, suggest that the presence
of all tested cytokines in vaccination formulation, based
on the highly adaptable antigen carriers, increases the
serum absorbance compared to that characterising the
non-modulated value, determined after simple immuno-
carrier administration. Relative differences are more
likely consequences of diverse bio-potency of tested im-
muno-modulants employed in the present specific ex-
perimental system than indicative of variable macromo-
lecular transport rate across the nasal mucosa.

[0177] The observed 100 % increase in serum ab-
sorbance measured for GM-CSF/IL-4 combination is re-
markable, as it is known that neither polysorbate nor
phosphatidylcholine ex soy-bean can markedly en-
hance permeation capability on their own. it is therefore
reasonable to assume that the observed effect is not
simply due to the delivery of antigen molecules (with the
molar mass of 150 kDa) across the nasal mucosa but,
moreover, testify that at least a proportion of co-admin-
istered cytokines has passed the barrier in a biologically
active form.

Examples 20-21:
[0178] highly adaptable penetrants

as in examples 14-19, except for the absence of cy-
tokines
Tetanus toxoid antigen (2 mg/mL)

[0179] Mixed lipid micelles

14.8 mg/mL phosphatidylcholine from soy bean
(SPC)

85.2 mg/mL polysorbate (Tween 80)

phosphate buffer, 10 mM, pH 6.5

Tetanus toxoid antigen (2 mg/mL)

Applied dose: 3 pL per nostril

[0180] Experiments were done as described with pre-
vious examples (14-19).

[0181] Immune response in the animals treated with
mixed lipid micelles as in Examples 14-19 was clearly
inferior to that measured after the nasal application of
antigen in the highly adaptable lipid vesicles, despite the
fact that the latter contained a smaller amount of Tween
80 than the former. if the surfactant was responsible for
the transport of macromolecules across nasal mucosa,
owing to its action as skin permeation enhancer, pre-
cisely the opposite experimental outcome would have
been expected.

[0182] This suggests that highly adaptable carriers
(mixed lipid vesicles) transport macromolecules across
the nasal mucosa by a mechanism other than the drug
permeation.
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Examplés 22-29:

Aggregate size (stability) effect

[0183] Highly deformable vesicles with NaCh (Trans-
fersomes™)

89.3 mg phosphatidylcholine from soy bean
10.7 mg sodium cholate (NaCh)
0.9 mL phosphate buffer, pH 6.5
[0184] (Mixed lipid) Micelles with NaCh, type 1
65 mg phosphatidylcholine from soy bean
35 mg sodium cholate
0.9mL phosphate buffer, pH 6.5
[0185] (Mixed lipid) Micelles with NaCh, type 2
31.6 mg phosphatidyicholine from soy bean

68.5 mg sodium cholate
0.9 mL phosphate buffer, pH 6.5

[0186] Highly deformable vesicles with Tw, Transfer-
somes™ type 1

37.7 mg phosphatidylcholine from soy bean
62.3 mg Tween 80 (Tw)
0.9 mL phosphate buffer, pH 6.5

[0187] Highly deformable vesicles with Tw ,Transfer-
somes™, type 2

64.5 mg phosphatidylcholine from soy bean
35.5 mg Tween 80
0.9 mL phosphate buffer, pH 6.5
[0188] (Mixed lipid) Micelles with Tw, type 1
13.2 mg phosphatidylcholine from soy bean

86.8 mg Tween 80
0.9 mL phosphate buffer, pH 6.5

[0189] (Mixed lipid) Micelles with Tw, type 2

7 mg phosphatidylcholine from soy bean
93 mg Tween 80
0.9 mL phosphate buffer, pH 6.5
0.10
[0190] Lipid vesicles (liposomes)
65 mg phosphatidylcholine from soy bean (SPC)

35 mg cholesterol
0.9 mL phosphate buffer, pH 6.5

[0191] Tetanus toxoid (2 mg/mL; home made) used at
the dose of
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40 pug (20 uL) TT per mouse and immunisation

[0192] The medium filtrate from a culture of Clostrid-
ium tetanigrown in vitro was used as an purified antigen.
Pure toxoid was purchased from Accurate Antibodies,
NY, USA.

[0193] To test the effect of aggregate properties in the
formulation, three kind of aggregates were prepared:
relatively large vesicles (diameter between 100 nm and
200 nm) either comprising a flexible membrane (Trans-
fersomes) or a relatively rigid membrane (liposomes)
and much smaller micelles (diameter below 50 nm). The
latter were chosen to mimick the more conventional ap-
proach of using detergents as nasal mucosa permeation
enhancers.

[0194] Amongst the eight tested formulations, Trans-
fersomes, on the average, give best results, but abso-
lute titres are always very low, probably owing to the an-
tigen impurity. Mixed lipid micelles are most efficient in
creating IgA, but are not really different than the other
aggregates in the case of IgG2a and IgM, whilst in the
case of Ig2b they are comparable to Transfersomes.
The 1gG1 level, which is decisive for animal protection,
is only significantly elevated when Transfersomes are
used to deliver TT across through the nose (see figure
7a).

[0195] Mixed micelles containing less potent deter-
gents (with lesser skin permeation enhancing capability)
are, relatively speaking, less efficient immuno-carriers'
(see figure 7b), the more deformable Transfersomes
with a higher Tw content standing clearly out in the case
of 1IgG2a and IgM, are similar to the less deformable
Transfersomes with a lower Tw contentin the case IgG1
and IgG3, and are as efficient as mixed micelles with Tw
in the case of IgA and 1gG2b. The smaliness of meas-
ured values is reason for the concern, however, which
can best be overcome by using purer antigen.

[0196] Looking at the cumulative titre of ail specific
anti-TT antibodies in the serum, liposomes are relatively
efficient 'immuno-carriers' in the primary and mature re-
sponse (perhaps owing to the action of non-associated
TT), whilst the Tw rich mixed micelles are the worst.
NaCh Transfersomes are top performers in the late im-
mune response (cf. figure 7c).

Examples 30-35:

Antigen dose and purity effect

[0197] Highly deformable vesicles (Transfersomes):

86.3 mg phosphatidylcholine from soy bean (SPC)
13.7 mg sodium cholate (NaChol)

+/- 0.04 mol-% monophosphoryl Lipid A (LA) rela-
tive to SPC

0.9 mL phosphate buffer, 10 mM, pH 6.5

[0198] Tetanus toxoid (TT, from local source, purified
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by ultrafiltration)

0 pg, 40 ug or 80 pg TT/ mouse/ immunisation

[0199] To obtain partially purified antigen, such filtrate
was passed through a 10 kDa cut-off membrane and
washed thoroughly with phosphate buffer, pH 6.5; in the
process, the culture filtrate was concentrated 15 times.
[0200] Dose dependence results are illustrated in fig-
ure 8a. The TT-specific increase in serum absorbance
following TT administration through the nose by means
of Transfersomes reveals a positive dose dependence
in the primary and late immune response in the absence
of LA, the presence of LA reverting this trend. Titre-wise
and with regard to specific antibody isotype distribution,
similar but not identical picture is obtained (cf. figures
8b and 8c). The survival data are indicative of good pro-
tection in every case. Taken together this suggests that
the required dose for non-invasive nasal immunisation
by means of highly deformable carriers is much lower
than that required for a successful non-invasive TT ad-
ministration through the skin.
[0201] Antigen purity effect. Comparison of the data
shown in figure 8c and 7a and 7b shows that antigen
purity strongly affects the level of murine immune re-
sponse against tetanus toxin when the toxoid has been
applied non-invasively through.

Examples 36-46 :

Route of administration

[0202]
somes™

Highly deformable vesicles, NaCh Transfer-

as described with examples 1-8
[0203] Tetanus toxoid mixed with NaCh suspension

20 mg/mL sodium cholate in
phosphate buffer, pH 7

[0204] Tetanus toxoid dose: 40 png TT per immunisa-
tion; 5 ug TT, 10 ug TT, 20 ug TT, 40 pg TT per immu-
nisation.

[0205] Using the same experimental procedures as
described with previous examples, the antibody-specific
serum absorbance the corresponding antibody titre and
isotype distribution, and the level of animal protection
against tetanus toxin was determined after nasal, oral
and subcutaneous antigen administration.

[0206] The results are given in figures 9. They reveal
that the increase in serum absorbance, ultimately, is
comparable after invasive and non-invasive antigen ad-
ministration (figure 9a). However, the titre in the latter
case is significantly lower except in the primary re-
sponse. Interestingly, s.c. injection only produces supe-
rior results after the second boost, whereas the combi-
nation with TT and cholate, which then can act as nasal
permeation enhancer in total antibody titre is better at
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all times. The probable reason for this is the high con-
centration of IgG2b, as is seen from figure 9b. Injections
elicit most efficiently the 19G1 and IgM type of antibod-
ies.

[0207] Animals are well protected by any of above
mentioned vaccinations with TT, but only after 2 boosts;
in the case of nasal vaccination. In contrast, one boost
is sufficient (data not shown). Using 4-8x lower doses
of purified TT suffices for protection in the case of nasal
vaccination, but not when the antigen is injected (cf. fig-
ure 10).

Example 47

Low molecular weight adjuvant (lipid A) effect

[0208] Highly deformable immuno-modulated

TT-Transfersomes™:
as in examples 9-14

[0209] Tetanus toxoid: 2 mg/mL, with 20 uL or 40 L
corresponding to 40 pug or 80 pg TT per immunisation
[0210] Itis believed that co-administration of immuno-
active, typically immunopotentiating, molecules is ad-
vantageous for presentation TT associated with the car-
riers to the body. To substantiate this conclusion specif-
ically the outcome of non-invasive immunopresentation
of TT was compared by means of Transfersomes with
or without monophosphory! lipid A (LA), which is a well
known immunostimulant known to elicit generation of
TNF, for example. For the used, relatively high antigen
doses no strong dependence was found, however. In
either case substantial titres and a prophylactic immune
response was reached, which was not the case with pu-
rified TT which profited from the presence of LA.

Examples 48-53:

High molecular weight immunomodulators (cytokines)

[0211] Highly deformable vesicles, Tw Transfer-
somes™:

as described with examples 1-8, plus

various cytokines (Interferon-y, GM-CSF, IL-4, IL-
12)

(0.05 mg IFN-y; 0.004 mg GM-CSF; 0.004 mg IL-4
per mL, 0.004 mg IL-12 per mL)

[0212] Tetanus toxoid, 2 mg/mL, corresponding to 40
ug TT (purified, home prepared) per mouse/ immunisa-
tion

[0213] The effect of cytokines was studied individually
and in combination. The results are given in figures 5.
They suggest that GM-CSF plus IL-4 combination can
support the generation of anti-TT antibodies in mice, as
can, probably, IFN-y and perhaps IL-12, and maybe IL-
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4 (cf. figure 11a). The strongest effect is seenin the case
of IgM and IgA, except in the case of IL-12 usage, which .
only affects strongly IgG2b generation. The protection
relevant IgG1 is increased strongly only by the combi-
nation of GM-CSF and IL-4, whereas IgG3 is not affect-
ed at all. Injection works best for IgG1 (cf. figure 11b).

Examples 54-58:

Combination of low and high molecular weight
adjuvants (LA + IL-12) effect

[0214) Highly deformable vesicles, NaCh Transfer-
somes™,

as described with examples 1-8, plus

0.4 mg IL-12 per mL immunogen suspension

0.04 mol-% monophosphoryl Lipid A (LA) relative
to SPC

[0215]) Tetanus toxoid (purified), 2 mg/mL, corre-
sponding to 40 ug TT per mouse/ immunisation

[0216]) The effectdiscussed with examples 25-31 was
confirmed for a blend low molecular and high molecular
weight immunoadjuvants. The results are given in fig-
ures 12 and show that the immunopotentiation by such
a combination is especially strong during the early stage
of immune response, the combination in any case being
better than LA alone.

Examples 59-71:

Bacterial wall component, cholera toxin, as adjuvant:

[0217] Highly deformable vesicles, Transfersomes™
(Tfs):

TisC

86.3 mg phosphatidylcholine from soy bean (SPC)
13.7 mg sodium cholate (NaChol)

0.9 mL phosphate buffer, 10 mM, pH 6.5

0.1 mL ethanol

TisT

36 mg phosphatidylcholine from soy bean (SPC)
64 mg Tween 80

0.9 mL phosphate bufter, 10 mM, pH 7

Cholera toxin (CT; Sigma, Neu-Ulm), 2 png/immuni-
sation, if specified, Tetanus toxoid (TT, pure; Accu-
rate antibodies), 2 mg/mL.

[0218]) Volume doses corresponding to 0 pg TT/
mouse/immunisation (negative control), 1 pg TT/
mouse, 5 pg TT/ mouse, 10 ug TT/ mouse, 20 ng TT/
mouse, 40 ug TT/mouse (in the absence of CT) and 0.5
png TT/mouse/immunisation, 1 ng TT/mouse, 5 ug T1/
mouse (when using CT) was used intranasally in the
type T Transfersomes (TfsT) in both nostrils and at the
dose of 0.5 ug TT/mouse/immunisation in the type C
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Transfersomes (TfsC) in 4-6 Swiss albino mice. Moreo-
ver, 20 ug TT/ mouse/immunisation in TfsT was injected
subcutaneously at the corresponding site in the positive
control group. Immunisations were done on days 1, 14,
28.

[0219] The protective effect of antigen applied in the
nose was good when the antigen dose exceeded 20 ug/
immunisation; lower doses yielded insufficient, but de-
tectable protection (cf. figure 13). When cholera toxin
(CT) was included into the test formulation together with
the tetanus toxoid, excellent protection was achieved al-
ready at the lowest of tested doses (0.5 pg/immunisa-
tion), independent of the ultra-deformable carrier com-
position. Protection was complete in all test groups con-
taining CT in the formulation applied on the skin.
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Claims

Use of a penetrant, suspended or dispersedin asol-
vent, in the form of a minute fluid droplet surrounded
by a membrane-like coating of one or several layers
of at least two different substances or two different
forms of a substance with the tendency to aggre-
gate, said substances or forms of a substance dif-
fering by at least the factor of 10 in the solubility in
a preferably aqueous, liquid medium, such that the
average diameter of homo-aggregates of the more
soluble substance or form of the substance or the
average diameter of the hetero-aggregates consist-
ing of both said substances or forms of said sub-
stance is smaller than the average diameter of ho-
mo-aggregates of the less soluble substance or
forms of the substance and/or wherein the more sol-
uble component tends to solubilise the penetrating
droplet and wherein the content of such component
amounts to up to 99 mol-% of the concentration re-
quired to solubilise the droplet or else corresponds
to up to 99 mol-% of the saturating concentration in
the un-solubilised droplet, whichever is higher, and/
or wherein the elastic deformation energy of the
droplet surrounded by the membrane-like coating
is at least 5x lower, more preferably is at least 10x
lower and ideally is more than 10x lower than that
of the red blood cells or of the phospholipid bilayers
with fluid aliphatic chains as a carrier for the prep-
aration of a pharmaceutical, preferably a vaccine
composition, for transnasal administration.

Use of a penetrant, suspended or dispersed in a sol-
vent, in the form of a minute fluid droplet surrounded
by a membrane-like coating of one or several layers
of at least two different substances or two different
forms of a substance with the tendency to aggre-
gate, said substances or forms of a substance dif-
fering by at least the factor of 10 in the solubility in
a preferably aqueous, liquid medium, such that the
average diameter of homo-aggregates of the more
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soluble substance or form of the substance or the
average diameter of the hetero-aggregates consist-
ing of both said substances or forms of said sub-
stance is smaller than the average diameter of ho-
mo-aggregates of the less soluble substance or
form of the substance and/or wherein the more sol-
uble component tends to solubilise the penetrating
droplet and wherein the content of such component
amounts to up to 99 mol-% of the concentration re-
quired to solubilise the droplet or else corresponds
to up to 99 mol-% of the saturating concentration in
the un-solubilised droplet, whichever is higher, and/
or wherein the elastic deformation energy of the
droplet surrounded by the membrane-like coating
is at least 5x lower, more preferably is at least 10x
lower and ideally is more than 10x lower than that
of the red blood cells or of the phospholipid bilayers
with fluid aliphatic chains, said penetrant being
used in combination with a pharmaceutically active
ingredient or an allergen or an antigen for the prep-
aration of a transnasally administerable pharma-
ceutical composition for the treatment of infective
diseases, endocrine disorders, preferably hypopitu-
itarism, diabetes, hyperthyroidism, thyroiditis, most
preferably Hashimoto's thyroiditis, subacute thy-
roiditis; adrenal disorders, preferably Addison's dis-
ease, secondary adrenal insufficiency, Cushing's
syndrome; gastrointestinal disorders, preferably
Crohn's disease, colitis; hemorrhagic diseases,
preferably hemophilia, leukopenia, hypereosi-
nophilic syndrome; musculoskeletal and connec-
tive tissue disorders, preferably rheumatoid arthri-
tis, Sjogren's syndrome, Bechet's syndrome, lupus,
scleroderma, polymyositis/dermatomyositis, poly-
myalgia rheumatica and temporal arthritis, polyar-
teriosis nodosa, Wegener's granulomatosis, mixed
connective tissue disorder, ankylosing spondylitis,
psoriatic arthritis; osteoarthritis, Paget's disease,
sciatica, bursitis, tendonitis and tenosynovitis, epi-
condylitis, fibromyalgia, eosinophilic faciitis; neuro-
logical disorders, preferably pain, singultus, vertigo,
seizure disorders, sleep disorders, transient
ischemic attacks, spinal cord injury, demyelinating
diseases, nerve root disorders, myasthenia gravis;
oncological disorders; psychiatric disorders, prefer-
ably drug dependence, neuroses, mood disorders,
schizophrenic disorders, delusional disorders; and/
or for use in the field of gynecology, preferably for
the treatment of dysmenorrhea, menopause, chron-
ic anovulation, premature ovarian failure, endome-
triosis, infertility; and/or for use in the field of immu-
nology, preferably transplant rejection, hyposensi-
tation, allergen immunotherapy or prophylactic vac-
cination.

The use of claim 2 wherein the pharmaceutically ac-
tive ingredient is an adrenocorticostaticum, an
adrenolyticum, an androgen or antiandrogen, an
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antiparasiticum, an anabolicum, an anaestheticum
or analgesicum, an analepticum, an antiallergicum,
antiarrhythmicum, antiarteroscleroticum, antiasth-
maticum and/or bronchospasmolyticum, an antibi-
oticum, antidrepressivum and/or antipsychoticum,
an antidiabeticum, an antidot, an antiemeticum, an-
tiepilepticum, antifibrinolyticum, anticonvulsivum or
anticholinergicum, an enzyme, a coenzyme or the
corresponding enzyme inhibitor, an antihistamini-
cum or antihypertonicum, an antihypotonicum, an-
ticoagulant, antimycoticum, antimyasthenicum, an
agent against Morbus Alzheimer or Morbus Parkin-
son, an antiphlogisticum, antipyreticum, antirheu-
maticum, antisepticum, a respiratory analepticum
or a respiratory stimulant, a broncholyticum, cardi-
otonicum, chemotherapeuticum, a coronary dilata-
tor, a cytostaticum, a diureticum, a ganglium-block-
er, a glucocorticoid, an anti-flu agent, a haemostat-
icum, hypnoticum, an immunoglobuline or its frag-
ment or any other immunologically active sub-
stance, such as an immunomodulator, a bioactive
carbohydrate (derivative), a contraceptive, an anti-
migraine agent, a corticosteroid, a muscle relaxant,
a narcoticum, a neurotherapeuticum, a (poly)nucle-
otide, a neurolepticum, a neurotransmitter, a (poly)
peptide (derivative), an opiate, an opthalmicum,
(para)-sympaticomimeticum or (para)sympathico-
lyticum, a protein(derivative), a psoriasis/neuroder-
mitis drug, a mydriaticum, a psychostimulant, rhino-
logicum, a sleep-inducing agent, a sedating agent,
a spasmolyticum, tuberculostaticum, urologicum, a
vasoconstrictor or vasodilatator, a virustaticum, a
wound-healing substance, an inhibitor (antagonist)
or a promoter (agonist) of the activity of any of
above mentioned agents or any combination of said
active substances.

The use of claim 2 wherein the antigen is derived
from a pathogen.

The use of claim 2 wherein said pathogen belongs
to extracellular bacteria, including pus-forming coc-
ci, such as Staphylococcus and Streptococcus,
gram-negative bacteria, such as Meningococcus
and Gonococcus species, species of Neisseria,
gram negative bacteria, including enteric organ-
isms such as E. coli, Salmonella, Shigella, Pseu-
domonas, Diptheria, Bordetella Pertussis, and
gram-positive bacteria (e.g. Bacillus pestis, BCG),
particularly anaerobes, such as the Clostridium
species, bacteria and viruses, which survive and
replicate within host cells, comprising mycobacteria
(e.g. M. tuberculosis) and Listeria monocytogenes,
retro- and adenoviruses, including hepatitis virus,
(human) immunodeficiency virus, herpex viruses,
small-pox (chicken-pox), influenza, measles,
mumps and polio viruses, cytomegalovirus, rhino-
virus, etc., and fungi prospering inside host cells, a

10

15

20

25

30

35

40

45

50

55

26

EP 1031 347 B1

10.

11.

50

parasite including animal parasites, such as proto-
zoa and helminths, and ectoparasites, such as ticks
and mites, or Brucella species, including the caus-
ative agent for cholera, Haemophilus species, as
well as pathogens triggering paratyphoid, plague,
rabies, tetanus and rubella diseases or to eukaryo-
tic cells or their parts that cause various neoplasiae,
auto-immune diseases and other pathological
states of the animal or human body which do not
necessarily result from microbial infections.

The use of claim 2 wherein the antigen is used in a
purified or even better in a pure form.

The use of claim 2 wherein the antigen is the anti-
genic determinant of hepatitis virus, (human) immu-
nodeficiency virus, herpex viruses, small-pox
(chicken-pox), influenza, measles, mumps and po-
lio viruses, cytomegalovirus, rhinovirus, etc., and
fungi prospering inside host cells, a parasite includ-
ing animal parasites, such as protozoa and
helminths, and ectoparasites, such as ticks and
mites, or Brucella species, including the causative
agent for cholera, Haemophilus species, as well as
pathogens triggering paratyphoid, plague, rabies,
tetanus and rubella diseases or else eukaryotic
cells or their parts that cause various neoplasiae,
auto-immune diseases and other pathological
states of the animal or human body, which do not
necessarily result from microbial infections.

The use of claim 2 wherein the allergen is of xeno-
genic or endogenic origin, derived from a microor-
ganism, an animal or a plant, or belonging to the
group of man made and/or irritating inorganic sub-
stances, or to such parts or components of the hu-
man body which were incorrectly processed by or
exposed to the body immune system.

The use of claim 2 wherein the allergen belongs to
the class of the inhalation allergens, including but
not limited to various pollen, spores, bits of animal
hair, skin, feather, natural and synthetic textiles,
wheat, (house) dust, including mite; furthermore,
food and drug allergens; contact allergens; injec-
tion, invasion or depot allergens, such as various
(gastrointestine-resident) worms, echinococci,
trichines, etc., a part of implantation material.

The use of any one of claims 1 and 2 and 3t0 9
additionally comprising a compound which releases
or induces cytokine or anti-cytokine activity or ex-
erts such an activity itself.

The use of claim 10 wherein the compound exerting
cytokine activity is IL-4, IL-2 , TGF, IL-6, TNF, IL-1a
and IL-1B, a type | interferon, preferably IFN-alpha
or IFN-B, IL-12, IFN-y, TNF-B, IL-5 or IL-10.
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The use of claim 10 wherein said compound with
anti-cytokine activity is an anti-cytokine antibody or
the corresponding active fragment, a derivative, or
an analogue thereof.

The use of claim 12 wherein the compound display-
ing or inducing cytokine or anti-cytokine activity and
the pharmaceutically active ingredient or antigen or
allergen are associated with the penetrant.

The use of any one of claims 1 to 13 wherein the
less soluble self-aggregating molecule is a lipid,
preferably a polar lipid, and the more soluble com-
ponent is a surfactant or some more soluble form
of the polar/basic lipid.

The use of any one of claims 1 to 14 wherein the
more soluble component is an agent to be trans-
ported across the barrier, said agent having a ten-
dency to form common large structures with the less
soluble component(s) of the penetrant, typically in
the form of a physical or a chemical complex.

The use of any one of claims 1 to 15 wherein the
more soluble component tends to solubilise the
penetrating droplet and is present in concentration
not exceeding 99 mol% of the concentration re-
quired to disintegrate the droplet or, alternatively,
not exceeding 99 mol% of the saturating concentra-
tion in the unsolubilised droplet, whichever is high-
er, values below 50 % of the former relative concen-
tration being particularly useful, with values below
40 rel-% or even around and below 30 rel-% being
even more advantageous, whereas in the case of
droplets which cannot be solubilised by the more
soluble component relative concentrations which
exceed the above mentioned relative concentra-
tions by the factor of up to 2 are most preferred.

The use of any one of claims 1 to 16 wherein the
less soluble penetrant component is a polar lipid
and the more soluble component is a surfactant or
a surfactant-like molecule or else such form of a li-
pid, preferably a polar lipid which is sufficiently sol-
uble for the purpose of this invention.

The use of any one of claims 1 to 17 wherein the
average penetrant diameter is between 25 nm and
500 nm, preferably between 30 nm and 250 nm,
even more preferably between 35 nm and 200 nm
and particularly preferably between 40 nm and 150
nm.

The use of any one of claims 1 to 18 wherein the
penetrant concentration in the formulation for the
use in human or animal nose is 0.001 to 20 weight-
% of total dry mass in the formulation, in particular
between 0.01 w-% and 15 w-%, more preferably be-
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tween 0.1 w-% and 12.5 w-% and most preferred
between 0.5 w-% and 10 w-%.

The use of any one of claims 1 to 19 wherein the
supporting medium, e.g. a buffer, is selected to be
a biocompatible solution with an osmotic activity
similar to that of a monovalent electrolyte with con-
centration in the range between 1 mM and 500 mM,
more preferably between 10 mM and 400 mM, even
more preferably between 50 mM and 300 mM, and
most preferably between 100 mM and 200 mM or
else such solution that affords practically sufficient
penetrant stability combined with practically suffi-
cient transport rate across the barrier.

The use of any one of claims 1 to 20 wherein the
relative drug or agent concentration is between
0.001 and 40 weight-% of total penetrant mass, in
particular between 0.01 w-% and 30 w-%, even bet-
ter between 0.1 w-% and 25 w-% and most prefer-
ably between 0.5 w-% and 15 w-%.

The use of any one of claims 1 to 21 wherein the
medium supporting the drugs and carriers is a bio-
compatible buffer with pH value between 4 and 10,
more frequently between 5 and 9 and most often
between 6 and 8.

The use of any one of claims 1 to 22 wherein the
additives are included in the preparation to reduce
the system sensitivity to chemical, biological or am-
bient stress, including anti-oxidants, antagonists of
undesired enzyme action, cryo-preservants, micro-
bicides, efc., or else modulators of physically impor-
tant system properties, such as formulation viscos-
ity, etc..

The use of any one of claims 1 to 23 wherein the
relative drug or agent dose to be administered non-
invasively through the nose by means of highly
adaptable carriers is chosen to be between 0.1x
and 500x, more often between 0.5x and 250x, and
even more preferably between 1x and 100x differ-
ent from the corresponding drug or agent dose that
would have to be injected to achieve the desired bi-
ological effects.

The use of any one of claims 1 to 24 wherein the
applied penetrant dose is between 0.01 mg and 15
mg per nostril, even more often is in the range 0.1
mg and 10 mg per nostril, and preferably is between
0.5 mg and 5 mg per nostril.

The use of any one of claims 1 to 25 wherein the
efficiency of administration and the biological ef-
fects of the agent or drug chosen are controlled by
using different application volumes.
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The use of any one of claims 1 to 26 wherein said
formulation is administered using a metered deliv-
ery device.

The use of any one of claims 1 to 27 wherein differ-
ent application volumes are selected to control the
efficiency of administration and the biological ef-
fects of the chosen agent or drug.

The use of any one of claims 1 to 28 wherein the
penetrants in suspension are loaded with the drugs
or agents within 24 hours prior to the formulation
administration, preferably 360 min, more preferably
60 min and even more preferably 30 min before the
resulting formulation administration in the nose.

The use of any one of claims 1 to 29 wherein the
delivery device is loaded at the treatment site.

The use of any one of claims 1 to 30 wherein the
device is loaded separately with penetrants and the
molecules, particularly biological agents, to be as-
sociated therewith.

The use of any one of claims 1 to 31 wherein the
pharmaceutically active ingredient is for administra-
tion to the nervous system.

The use of claim 32 wherein the nervous system is
the brain.

The use of any one of claims 1 to 33 wherein said
pharmaceutical composition is a vaccine.

The use of claim 34 wherein the vaccine further
comprises a pathogen extract or a compound from
a pathogen or a fragment or a derivative thereof.

The use of claim 35 wherein said pathogen extract
or compound is selected from hepatitis virus, (hu-
man) immunodeficiency virus, herpes viruses,
small-pox (chicken-pox), influenza, measles,
mumps or polio viruses, cytomegalovirus, rhinovi-
rus, etc., or fungi prospering inside host cells, a par-
asite including animal parasites, such as protozoa
and helminths, and ectoparasites, such as ticks and
mites, or Brucella species, including the causative
agent for cholera, Haemophilus species, as well as
pathogens triggering paratyphoid, plague, rabies,
tetanus or rubella diseases.

The use of any one of claims 34 to 36 wherein said
vaccine further comprises an adjuvant.

The use of claim 37 wherein said adjuvant is lipopol-
ysaccharide, such as lipid A or a derivative or mod-
ification thereof, such as monophosphoryl lipid A,
or its analogue, such as a fatty derivative of saccha-
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rose, cord-factor (trehalose-dimycolate), muramyl
dipeptide, or another (poly)saccharide or (poly)pep-
tide identical to or resembling an immunologically
active part of a membrane of a microorganism; an
extract of a microorganism, including bacterial exo-
and endotoxins, preferably cholera toxin or the heat
labile toxin of E. coli, an A-chain derivative, a com-
ponent with an ADP-ribosylating activity, a pepti-
doglycane, a clostridial toxin, an LT halotoxin, puri-
fied protein derivative of M. tuberculosis,
LT-R192G, Fibronectin-binding protein | of Strepto-
coccus pyrogenes, or outer membrane protein of
group B Neisseria meningitidis (GBOMP).

The use of any one of claims 34 to 38 wherein said
vaccine comprises a blend of MPL and IL-12 or
GM-CSF and IL-4.

The use of any one of claims 34 to 39 wherein in
said vaccine the relative immunogen/antigen dose
to be administered non-invasively through the nose
by means of highly adaptable carriers is chosen to
be between 0.01x and 100x, more often between
0.05x and 75x, and even more preferably between
0.1x and 50x different from the corresponding im-
munogen/antigen dose that would have to be inject-
ed to achieve the desired biological effect.

The use according to any one of claims 37 to 40
wherein in said vaccine the concentration of the
transnasally administered adjuvant is between 10x
lower and up to 1000x higher than that used with
the corresponding subcutaneously injected formu-
lations employing similar antigen, the transnasally
administered immunoadjuvant concentration more
often differing from the injected immunoadjuvant
concentration by the factor between 0.5 and 100, or
better, by the factor between 1 and 50, and best be-
tween 2 and 25.

Patentanspriiche

1.

Verwendung eines Durchdringungsmittels, suspen-
diert oder dispergiert in einem L&sungsmittel, in der
Form eines winzigen Flissigkeitstropfens, der von
einer membranahnlichen Hiille aus einer oder meh-
reren Schichten von mindestens zwei verschiede-
nen Stoffen oder zwei verschiedenen Formen eines
Stoffes, mit der Tendenz zu aggregieren, umgeben
ist, wobei die Stoffe oder Formen eines Stoffes sich
mindestens um den Faktor 10 in der Léslichkeit in
einem vorzugsweise wassrigen, fllissigen Medium
unterscheiden, so dass der mittlere Durchmesser
von Homoaggregaten des léslicheren Stoffes oder
Form des Stoffes oder der mittlere Durchmesser
der Heteroaggregate bestehend aus beiden Stoffen
oder Formen des Stoffes kleiner ist als der mittlere
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Durchmesser der Homoaggregate des weniger 10s-
lichen Stoffes oder Form des Stoffes, und/oder wo-
bei die l6slichere Komponente die Tendenz hat, den
durchdringenden Tropfen zu solubilisieren, und wo-
bei der Gehalt einer soichen Komponente bis zu 99
mol-% der Konzentration betragt, die zum Solubili-
sieren des Tropfen erforderlich ist, oder ansonsten
bis zu 99 mol-% der Sattigungskonzentration in
dem nicht solubilisierten Tropfen entspricht, was
auch immer hoher ist, und/oder wobei die elasti-
sche Deformationsenergie des von der membran-
ahnlichen Hiille umgebenen Tropfens mindestens
funffach niedriger ist, vorzugsweise mindestens
zehnfach niedriger und idealerweise mehr als zehn-
fach niedriger ist als diejenige von roten Blutzellen
oder von Phospholipid-Doppelschichten mit flussi-
gen, aliphatischen Ketten, als Trager zur Herstel-
lung eines Arzneimittels, vorzugsweise eines Impf-
stoffes, zur transnasalen Verabreichung.

Verwendung eines Durchdringungsmittels, suspen-
diert oder dispergiert in einem Lésungsmittel, in der
Form eines winzigen Flissigkeitstropfens, der von
einer membrandhnlichen Hlille aus einer oder meh-
reren Schichten von mindestens zwei verschiede-
nen Stoffen oder zwei verschiedenen Formen eines
Stoffes, mit der Tendenz zu aggregieren, umgeben
ist, wobei die Stoffe oder Formen eines Stoffes sich
mindestens um den Faktor 10 in der Léslichkeit in
einem vorzugsweise wassrigen, fllissigen Medium
unterscheiden, so dass der mittlere Durchmesser
von Homoaggregaten des I6slicheren Stoffes oder
Form des Stoffes oder der mittlere Durchmesser
der Heteroaggregate bestehend aus beiden Stoffen
oder Formen des Stoffes kieiner ist ais der mittlere
Durchmesser der Homoaggregate des weniger 16s-
lichen Stoffes oder Form des Stoffes, und/oder wo-
bei die loslichere Komponente die Tendenz hat, den
durchdringenden Tropfen zu solubilisieren, und wo-
bei der Gehalt einer solchen Komponente bis zu 99
mol-% der Konzentration betragt, die zum Solubili-
sieren des Tropfen erforderlich ist, oder ansonsten
bis zu 99 mol-% der Sattigungskonzentration in
dem nicht solubilisierten Tropfen entspricht, was
auch immer héher ist, und/oder wobei die elasti-
sche Deformationsenergie des von der membran-
ahnlichen Hille umgebenen Tropfens mindestens
finffach niedriger ist, vorzugsweise mindestens
zehnfach niedriger und idealerweise mehr als zehn-
fach niedriger ist als diejenige von roten Blutzellen
oder von Phospholipid-Doppelschichten mit fllissi-
gen, aliphatischen Ketten, wobei das Durchdrin-
gungsmittel in Verbindung mit einem pharmazeu-
tisch aktiven Bestandteil oder einem Allergen oder
einem Antigen verwendet wird zur Herstellung ei-
nes transnasal verabreichbaren Arzneimittels zur
Behandlung von infektidsen Krankheiten, endokri-
nen Stérungen, vorzugsweise Hypophysenvorder-
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lappeninsuffizienz, Diabetes, Schilddriseniber-
funktion, Schilddriisenentziindung, vorzugsweise
Hashimoto's Schilddrisenentzindung, subakute
Schilddriisenentzindung; Nebennierenstérungen,
vorzugsweise Addison's Krankheit, sekundére Ne-
benniereninsuffizienz, Cushing's Syndrom; gastro-
intestinalen Stoérungen, vorzugsweise Crohn's-
Krankheit, Colitis; hamorrhagischen Krankheiten,
vorzugsweise Hamophilie, Leukopenie, hypereosi-
nophiles Syndrom; Skelettmuskelstérungen und
Stérungen des Bindegewebes, vorzugsweise rheu-
matoide Arthritis, Sjégren's Syndrom, Bechet's
Syndrom, Lupus, Scleroderma, Polymyositis/Der-
matomyositis, Polymyalgia rheumatica und tempo-
rére Arthritis, Polyarteriosis nodosa, Wegener's
Granulomatosis, kombinierte Stérung des Bindege-
webes, Spondylitis ankylosans, psoriatische Arthri-
tis, Osteoarthritis, Paget's Krankheit, Ischiassyn-
drom, Bursitis, Tendonitis und Tenosynovitis, Epi-
condylitis, Fibromyalgie, eosinophile Faciitis, neu-
rologische Stérungen, vorzugsweise Schmerz, Sin-
gultus, Vertigo, Krampfanfall-auslésende Erkran-
kungen, Schlafstérungen, transiente ischdmische
Anfélle, Verletzungen des Rickenmarks, demyeli-
nisierende Krankheiten, Nervenwurzelkrankheiten,
Myasthenia gravis; onkologische Krankheiten;
psychiatrische Krankheiten, vorzugsweise Medika-
mentenabhangigkeit, Neurosen, Stimmungsstd-
rungen, schizophrene Krankheiten, Paranoia; und/
oder zur Verwendung in der Gynékologie, vorzugs-
weise zur Behandlung von Dysmenorrhoe, Meno-
pause, chronische Anovulation, vorzeitige Ova-
rialinsuffizienz, Endometriose, Unfruchtbarkeit;
und/oder zur Verwendung in der Immunologie, vor-
zugsweise AbstoBung von Transplantaten, Hypo-
sensibilisierung, Allergenimmuntherapie oder pro-
phylaktische Impfung.

Verwendung nach Anspruch 2, wobei der pharma-
zeutisch aktive Bestandteil ein Adrenocorticostati-
kum, ein Adrenoclytikum, ein Androgen oder Anti-
androgen, ein Antiparasitikum, ein Anabolikum, ein
Anaesthetikum oder Analgetikum, ein Analeptikum,
ein Antiallergikum, Antiarrhythmikum, Antiartero-
sklerotikum, Antiasthmatikum, und/oder Bronchos-
pasmolytikum, ein Antibiotikum, Antidepressivum
und/oder Antispsychotikum, ein Antidiabetikum, ein
Antidot, ein Antiemetikum, ein Antiepileptikum, An-
tifibrinolytikum, Antikonvulsivum oder Anticholiner-
gikum, ein Enzym, ein Coenzym oder der entspre-
chende Enzyminhibitor, ein Antihistaminikum oder
Antihypertonikum, ein Antihypotonikum, Antiko-
agulans, Antimykotikum, Antimyasthenikum, ein
Mittel gegen Morbus Alzheimer oder Morbus Par-
kinson, ein Antiphlogistikum, Antipyretikum, Antir-
heumatikum, Antiseptikum, ein respiratorisches
Analeptikum, oder ein respiratorisches Stimulans,
ein Broncholytikum, Kardiotonikum, Chemothera-
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peutikum, Koronardilatator, ein Cytostatikum, ein
Diuretikum, ein Ganglium-Blocker, ein Glucocorti-
coid, ein Antigrippemittel, ein Haemostatikum, Hyp-
notikum, ein Immunglobulin oder sein Fragment
oder jeder andere immunologisch aktive Stoff, wie
ein Immunmodulator, ein bioaktives Kohlenhydrat
(Derivat), ein Kontrazeptivum, ein Antimigranemit-
tel, ein Corticosteroid, ein Muskelrelaxans, ein Nar-
kotikum, ein Neurotherapeutikum, ein (Poly)nu-
kleotid, ein Neuroleptikum, ein Neurotransmitter,
ein (Poly)peptid(derivat), ein Opiat, ein Opthalmi-
cum, (Para)sympaticomimetikum, oder (Para)sym-
paticolythikum, ein Protein(derivat), ein Psoriasis/
Neurodermitis-Wirkstoff, ein Mydriatikum, ein Psy-
chostimulans, Rhinologikum, ein schlafinduzieren-
des Mittel, ein Beruhigungsmittel, ein Spasmolyti-
kum, Tuberkulostatikum, Urologikum, ein Vasocon-
strictor oder Vasodilatator, ein Virostatikum, ein
wundheilender Stoff, ein Inhibitor (Antagonist) oder
ein Promotor (Agonist) der Aktivitat jeder der oben
angefihrten Agentien oder jede Kombination der
aktiven Stoffe.

Verwendung nach Anspruch 2, wobei das Antigen
von einem Pathogen stammt.

Verwendung nach Anspruch 2, wobei das Pathogen
zu extrazellularen Bakterien gehdrt, einschlieBlich
eiterbildenden Kokken, wie Staphylococcus und
Streptococcus, gram-negativen Bakterien, wie Me-
ningococcus- und Gonococcus-Arten, Neisseria-
Arten, gram-negativen Bakterien, einschlieBlich
Darmorganismen wie E. coli, Salmonella, Shigelia,
Pseudomonas, Diphteria, Bordetella Pertussis, und
gram-positiven Bakterien (z.B. Bacillus pestis,
BCG), besonders anaeroben, wie die Clostridium-
Arten, Bakterien und Viren, die innerhalb von Wirts-
zellen Uberleben und sich replizieren, umfassend
Mycobakterien (z.B. M. tuberculosis) und Listeria
monocytogenes, Retroviren und Adenoviren, ein-
schlieBlich Hepatitisvirus, (menschlichen) Immun-
schwiéchevirus, Herpesviren, Pocken (Windpok-
ken)-, Influenza-, Masem-, Mumps- und Polio-Vi-
ren, Cytomegalievirus, Rhinovirus, usw., und Pilze,
die innerhalb von Wirtszellen gedeihen, einem Pa-
rasiten, einschlie3lich tierischer Parasiten, wie Pro-
tozoen und Helminthen, und Ectoparasiten, wie
Zecken und Milben, oder Brucella-Arten, ein-
schlieBlich des Cholera verursachenden Agens,
Haemophilus-Arten, ebenso wie Pathogene, die
Parathyphus, Pest, Toliwut, Tetanus und Roételn
auslosen, und Pathogene, die verschiedene Neo-
plasien, Autoimmunkrankheiten oder die mit ande-
ren pathologischen Zusténden des tierischen oder
menschlichen Kérpers verwandt sind, verursachen,
die nicht notwendigerweise von pathogenen Infek-
tionen herrtihren.
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Verwendung nach Anspruch 2, wobei das Antigen
in gereinigter oder noch besser in einer reinen Form
verwendet wird.

Verwendung nach Anspruch 2, wobei das Antigen
die antigene Determinante vom Hepatitisvirus,
(menschlichem) Immunschwachevirus, Herpesvi-
ren, Pocken (Windpocken)-, Influenza-, Masern-,
Mumps- und Polio-Viren, Cytomegalievirus, Rhino-
virus, usw. und Pilzen, die innerhalb von Wirtszellen
gedeihen, einem Parasiten, einschliellich tieri-
scher Parasiten, wie Protozoen und Helminthen,
und Ectoparasiten, wie Zecken und Milben, oder
Brucella-Arten, einschiieBlich des Cholera verursa-
chenden Agens, Haemophilus-Arten, ebenso wie
Pathogenen, die Parathyphus, Pest, Tollwut, Teta-
nus und Roételn ausldésen, und Pathogenen, die ver-
schiedene Neoplasien, Autoimmunkrankheiten
oder die mit anderen pathologischen Zustanden
des tierischen oder menschlichen Kbérpers ver-
wandt sind, verursachen, die nicht notwendigerwei-
se von pathogenen Infektionen herrihren, ist.

Verwendung nach Anspruch 2, wobei das Allergen
xenogenen oder endogenen Ursprungs ist, von ei-
nem Mikroorganismus, einem Tier oder einer Pflan-
ze stammt, oder zu der Gruppe kunstlicher und/
oder reizender anorganischer Stoffe gehért, oder zu
solchen Teilen oder Komponenten des menschli-
chen Korpers gehoren, die falschlicherweise durch
das Korperimmunsystem prozessiert oder dem
Korperimmunsystem ausgesetzt wurden.

Verwendung nach Anspruch 2, wobei das Allergen
zu der Klasse von Inhalationsallergenen gehért,
einschlieBlich, aber nicht beschrankt auf verschie-
dene Pollen, Sporen, Stlickchen von Tierhaar,
Haut, Feder, natirlichen und synthetischen Textili-
en, Weizen, (Haus)-Staub, einschlieBlich Mitben;
ferner Nahrungsmittel- und Medikamentenallerge-
ne; Kontaktallergene; Injektions-, Invasions- oder
Depotallergene, wie verschiedene (gastrointestina-
le) Wirmer, Echinokokken, Trichinen, usw., einen
Teil eines Implantationsmaterials.

Verwendung nach einem der Anspriche 1,2 und 3
bis 9, zusatzlich umfassend eine Verbindung, die
Cytokin- oder Anti-Cytokin-Aktivitat freisetzt oder
induziert oder selbst solch eine Aktivitat aufweist.

Verwendung nach Anspruch 10, wobei die Verbin-
dung, die Cytokin-Aktivitat aufweist, IL-4, IL-2, TGF,
IL-6, TNF, IL-1c.und IL-1pB, ein Typ I-Interferon, vor-
zugsweise IFN-a oder IFN-B, IL-12, IFN-y, TNF-B,
IL-5 oder IL-10 ist.

Verwendung nach Anspruch 10, wobei die Verbin-
dung mit Anti-Cytokin-Aktivitat ein Anti-Cytokin-An-
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tikdrper oder das entsprechende aktive Fragment,
ein Derivat oder ein Analog davon ist.

Verwendung nach Anspruch 12, wobei die Verbin-
dung, die Cytokin- oder Anti-Cytokin-Aktivitat auf-
weist oder induzient, und der pharmazeutisch aktive
Bestandteil oder Antigen oder Allergen mit dem
Durchdringungsmittet verbunden sind.

Verwendung nach einem der Anspriche 1 bis 13,
wobei das weniger l8sliche, selbst aggregierende
Molekdll ein Lipid, vorzugsweise ein polares Lipid
ist, und die léslichere Komponente ein grenzfla-
chenaktiver Stoff oder eine etwas Igslichere Form
des polaren/basischen Lipids ist.

Verwendung nach einem der Anspriche 1 bis 14,
wobei die l6slichere Komponente ein (iber das Hin-
dernis zu transportierendes Agens ist, wobei das
Agens eine Tendenz hat, gemeinsame, groBe
Strukturen mit der weniger léslicheren Komponente
(n) des Durchdringungsmittels zu bilden, typischer-
weise in Form eines physikalischen oder chemi-
schen Komplexes.

Verwendung nach einem der Anspriiche 1 bis 15,
wobei die Iéslichere Komponente dazu tendier,
den durchdringenden Tropfen zu solubilisieren und
in einer Konzentration vorliegt, die 99 mol% der
Konzentration, die nétig ist, den Tropfen aufzulo-
sen, nicht lbersteigt, oder alternativ 99 mol% der
Sattigungskonzentration in dem ungelésten Trop-
fen nicht (bersteigt, welche auch immer héher ist,
wobei Werte unter 50% der ersteren relativen Kon-
zentration besonders geeignet sind, mit Werten un-
ter 40 Rel-% oder sogar um und unter 30 Rel-%
noch geeigneter sind, wobei im Fall, dass Tropfen,
die nicht durch die léslichere Komponente solubili-
siert werden kdnnen, relative Konzentrationen am
bevorzugtesten sind, die die oben genannten rela-
tiven Konzentrationen um den Faktor bis 2 liberstei-
gen.

Verwendung nach einem der Anspriiche 1 bis 16,
wobei die weniger I&sliche, durchdringende Kom-
ponente ein polares Lipid, und die léslichere Kom-
ponente ein grenzflichenaktiver Stoff oder ein
grenzflachenaktives Stoff-ahnliches Molekll ist
oder ansonsten diejenige Form eines Lipides, vor-
zugsweise eines polaren Lipides, die genlgend 10s-
lich fir den Zweck dieser Erfindung sind.

Verwendung nach einem der Anspriiche 1 bis 17,
wobei der mittlere Durchmesser des Durchdrin-
gungsmittels zwischen 25 nm und 500 nm, vorzugs-
weise zwischen 30 nm und 250 nm, bevorzugt zwi-
schen 35 nm und 200 nm und besonders bevorzugt
zwischen 40 nm und 150 nm ist.
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Verwendung nach einem der Anspriiche 1 bis 18,
wobei die Konzentration des Durchdringungsmit-
tels in der Formulierung zur Verwendung in der
menschlichen oder tierischen Nase 0,001 bis 20
Gewichtsprozent der Gesamttrockenmasse in der
Formulierung, im besonderen zwischen 0,01 Ge-
wichtsprozent und 15 Gewichtsprozent, bevorzugt
zwischen 0,1 Gewichtsprozent und 12,5 Gewichts-
prozent und am meisten bevorzugt zwischen 0,5
Gewichtsprozent und 10 Gewichtsprozent, ist.

Verwendung nach einem der Ansprliche 1 bis 19,
waobei das unterstiitzende Medium, z.B. ein Puffer,
ausgewahit ist als biokompatible Lésung mit einer
osmotischen Aktivitat ahnlich der eines einwertigen
Elektrolyten mit einer Konzentration im Bereich zwi-
schen 1 mM und 500 mM, bevorzugt zwischen 10
mM und 400 mM, mehr bevorzugt zwischen 50 mM
und 300 mM und am meisten bevorzugt zwischen
100 mM und 200 mM ist oder sonst solch eine Lo-
sung, die in der Praxis gentigend Durchdringungs-
stabilitdt kombiniert mit genligender Transportrate
Uber das Hindernis gewahrleistet.

Verwendung nach einem der Anspriiche 1 bis 20,
wobei die relative Konzentration des Wirkstoffes
oder Mittels zwischen 0,001 und 40 Gewichtspro-
zent der gesamten Durchdringungsmittel-Masse,
insbesondere zwischen 0,01 Gewichtsprozent und
30 Gewichtsprozent, besser zwischen 0,1 Ge-
wichtsprozent und 25 Gewichtsprozent und am
meisten bevorzugt zwischen 0,5 und 15 Gewichts-
prozent ist.

Verwendung nach einem der Anspriiche 1 bis 21,
wobei das die Wirkstoffe und Trager unterstitzende
Medium ein biokompatibler Puffer mit einem
pH-Wert zwischen 4 und 10, haufiger zwischen 5
und 9 und am haufigsten zwischen 6 und 8 ist.

Verwendung nach einem der Anspriche 1 bis 22,
wobei die Zusétze im Arzneimittel enthalten sind,
um die Systemsensitivitdt gegenliber chemischem,
biologischem oder Umgebungs-Stress zu verrin-
gern, einschlieBlich Antioxidantien, Antagonisten
unerwinschter Enzymaktivitat, Gefrierschutzzu-
satze, Antibiotika, usw., oder sonstige Modulatoren
von physikalisch wichtigen Systemeigenschaften,
wie Formulierungsviskositat, usw.

Verwendung nach einem der Anspriiche 1 bis 23,
wobei die relative Wirkstoffdosis oder Mitteldosis,
die nicht-invasiv durch die Nase mittels eines sehr
anpassungsfahigen Tragers verabreicht werden
soll, so gewéhlt ist, dass sie sich zwischen 0,1 und
500-fach, éfters zwischen 0,5-fach und 250-fach,
und bevorzugter zwischen 1-fach und 100-fach von
der entsprechenden Arzneistoffoder Mitteldosis un-
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terscheidet, die hatte injiziert werden missen, um
die gewunschten biologischen Effekte zu erreichen.

Verwendung nach einem der Anspriche 1 bis 24,
wobei die verabreichte Dosis des Durchdringungs-
mittels zwischen 0,01 mgund 15 mg pro Nasenloch,
6fters im Bereich 0,1 und 10 mg pro Nasenloch und
vorzugsweise zwischen 0,5 mg und 5 mg pro Na-
senloch ist.

Verwendung nach einem der Anspriche 1 bis 25,
wobei die Effizienz der Verabreichung und die bio-
logischen Effekte des gewahlten Mittels oder Wirk-
stoffs durch die Verwendung verschiedener Verab-
reichungsvolumina kontrolliert wird.

Verwendung nach einem der Anspriche 1 bis 26,
wobei die Formulierung unter Verwendung einer ka-
librierten Verabreichungsvorrichtung verabreicht
wird.

Verwendung nach einem der Anspriiche 1 bis 27,
wobei verschiedene Verabreichungsvolumina ge-
wéhlt sind, um die Effizienz der Verabreichung und
die biologischen Effekte des gewé&hliten Mittels oder
Wirkstoffs zu kontrollieren.

Verwendung nach einem der Anspriiche 1 bis 28,
wobei die Durchdringungsmittel in Suspension mit
den Wirkstoffen oder Mitteln innerhalb von 24 Stun-
den vor der Verabreichung der Formulierung bela-
den werden, vorzugsweise 360 Minuten, bevorzug-
ter 60 Minuten und am meisten bevorzugt 30 Minu-
ten vor der Verabreichung der erhaltenen Formulie-
rung in die Nase.

Verwendung nach einem der Anspriiche 1 bis 29,
wobei die Verabreichungsvorrichtung an der Stelle
der Behandlung beladen wird.

Verwendung nach einem der Anspriche 1 bis 30,
wobei die Vorrichtung getrennt mit Durchdringungs-
mitteln und den Molekulen, besonders biologischen
Agenzien, die mit diesen verbunden werden sollen,
beladen wird.

Verwendung nach einem der Anspriiche 1 bis 31,
wobei der pharmazeutisch aktive Bestandteil zur
Verabreichung an das Nervensystem ist.

Verwendung nach Anspruch 32, wobei das Nerven-
system das Gehirn ist.

Verwendung nach einem der Anspriiche 1 bis 33,
wobei das Arzneimittel ein impfstoff ist.

Verwendung nach Anspruch 34, wobei der Impfstoff
weiterhin einen Pathogenextrakt oder eine Verbin-
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dung eines Pathogens oder ein Fragment oder ein
Derivat davon umfasst.

Verwendung nach Anspruch 35, wobei der Patho-
genextrakt oder die Verbindung ausgewdhit ist aus
Hepatitisvirus, (menschlichem) Immunschwéchevi-
rus, Herpesviren, Pocken (Windpocken)-, Influen-
za-, Masern-, Mumps- oder Polio-Viren, Cytomega-
lievirus, Rhinovirus, usw., und Pilzen, die innerhalb
von Wirtszellen gedeihen, einem Parasiten, ein-
schlieBlich tierischer Parasiten, wie Protozoen und
Helminthen, und Ectoparasiten, wie Zecken und
Milben, oder Brucella-Anten, einschlieBlich des
Cholera verursachenden Agens, Haemophilus-Ar-
ten, ebenso wie Pathogenen, die Parathyphus,
Pest, Tollwut, Tetanus oder Rételn ausldsen.

Verwendung nach einem der Ansprliche 34 bis 36,
wobei der Impfstoff weiterhin ein Adjuvans umfasst.

Verwendung nach Anspruch 37, wobei das Adju-
vans ein Lipopolysaccharid ist, wie Lipid A oder ein
Derivat oder eine Modifikation davon, wie Mono-
phosphoryllipid A, oder sein Analog, wie ein Fettde-
rivat von Saccharose, Cordfaktor (Trehalose-Dimy-
colat), Muramyldipeptid, oder ein anderes (Poly)
saccharid oder (Poly)peptid identisch mit oder &hn-
lich einem immunologisch aktiven Teil einer Mem-
bran eines Mikroorganismus ist; ein Extrakt eines
Mikroorganismus, einschlieBlich bakerieller Exo-
und Endotoxine, vorzugsweise Choleratoxin und
das hitzelabile Toxin von E. coli, ein A-Kette-Deri-
vat, eine Komponente mit einer ADP-ribosylieren-
den Aktivitat, ein Peptidoglycan, ein von Clostridi-
um stammendes Toxin, ein LT-Halotoxin, gereinig-
tes Proteinderivat von M. tuberculosis, LT-R192G,
Fibronectinbindendes Protein | von Streptococcus
pyrogenes, oder ein duBBeres Membranprotein von
Gruppe B-Neisseria meningititdis (GBOMP).

Verwendung nach einem der Anspriche 34 bis 38,
wobei der Impfstoff eine Mischung von MPL und IL-
12 oder GM-CSF und IL-4 umfasst.

Verwendung nach einem der Ansprliche 34 bis 39,
wobei im Impfstoff die mittels sehr anpassungstéahi-
ger Tréager nicht-invasiv durch die Nase zu verarb-
reichende relative Immunogen/Antigen-Dosis so
gewdhlt ist, dass sie sich zwischen 0,01-fach und
100-fach, 6fters zwischen 0,05-fach und 75-fach,
und bevorzugt zwischen 0,1-fach und 50-fach von
der entsprechenden Immunogen/Antigen-Dosis
unterscheidet, die hétte injiziert werden mussen,
um den gewdnschten biologischen Effekt zu errei-
chen.

Verwendung nach einem der Anspriiche 37 bis 40,
wobei im Impfstoff die Konzentration des transnasal
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verabreichten Adjuvans zwischen 10-fach niedriger
und bis zu 1000-fach héher ist als die, die mit den
entsprechenden subkutan injizierten Formulierun-
gen unter Verwendung &hnlicher Antigene verwen-
det wird, wobei die transnasal verabreichte Immu-
nadjuvans-Konzentration sich 6fters von der inji-
zierten Immunadjuvans-Kontentration um den Fak-
tor zwischen 0,5 und 100 unterscheidet, oder bes-
ser, durch den Faktor zwischen 1 und 50, und am
besten zwischen 2 und 25.

Revendications

Utilisation d'un agent pénétrant en suspension ou
dispersé dans un solvant sous la forme d'une mi-
nuscule gouttelette de fluide entourée par un enro-
bage semblable & une membrane fait d'une ou plu-
sieurs couches d'au moins deux substances diffé-
rentes ou de deux formes différentes d'une subs-
tance ayant tendance a s'agréger, lesdites substan-
ces ou formes de substance différant par au moins
un facteur 10 en ce quiconcerne leur solubilité dans
un milieu liquide, de préférence aqueux, de sorte
que le diameétre moyen des homo-agrégats de la
substance ou forme de substance la plus soluble
ou le diamétre moyen des hétéro-agrégats compre-
nant l'une et l'autre desdites substances ou formes
de substance est plus petit que le diamétre moyen
des homo-agrégats de la substance ou forme de
substance la moins soluble et/ou dans laquelle le
composant le plus soluble tend & solubiliser la gout-
telette pénétrante et dans laquelle la teneur de ce
composant va jusqu'a 99% molaires de la concen-
tration nécessaire pour solubiliser la gouttelette ou
bien correspond & jusqu'a 99% molaires de la con-
centration de saturation dans la gouttelette non so-
lubilisée, & la plus grande des deux valeurs, et/ou
dans laquelle I'énergie de déformation élastique de
la gouttelette entourée par I'enrobage semblable a
une membrane est au moins 5 fois moindre, de fa-
¢on plus préférentielle au moins 10 fois moindre et
idéalement plus de 10 fois moindre que celle des
globules rouges ou des bicouches de phospholipi-
des avec des chaines aliphatiques fluides, comme
véhicule pour la préparation d'un produit pharma-
ceutique, de préférence une composition de vaccin
pour administration transnasale.

Utilisation d'un agent pénétrant en suspension ou
dispersé dans un solvant sous la forme d'une mi-
nuscule gouttelette de fluide entourée par un enro-
bage semblable & une membrane fait d'une ou plu-
sieurs couches d'au moins deux substances diffé-
rentes ou de deux formes différentes d'une subs-
tance ayanttendance a s'agréger, lesdites substan-
ces ou formes de substance différant par au moins
un facteur 10 en ce qui concerne leur solubilité dans
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un milieu liquide, de préférence aqueux, de sorte
que le diamétre moyen des homo-agrégats de la
substance ou forme de substance la plus soluble
ou le diamétre moyen des hétéro-agrégats compre-
nant l'une et l'autre desdites substances ou formes
de substance est plus petit que le diamétre moyen
des homo-agrégats de la substance ou forme de
substance la moins soluble et/ou dans laquelle le
composant le plus soluble tend a solubiliser la gout-
telette pénétrante et dans laquelle la teneur de ce
composant va jusqu'a 99% molaires de la concen-
tration nécessaire pour solubiliser ta gouttelette ou
bien correspond a jusqu'a 99% molaires de la con-
centration de saturation dans la gouttelette non so-
lubilisée, & la plus grande des deux valeurs, et/ou
dans laquelle I'énergie de déformation élastique de
la gouttelette entourée par I'enrobage semblable &
une membrane est au moins 5 fois moindre, de fa-
¢on plus préférentielle au moins 10 fois moindre et
idéalement plus de 10 fois moindre que celle des
globules rouges ou des bicouches de phospholipi-
des avec des chaines aliphatiques fluides, ledit
agent pénétrant étant utilisé en combinaison avec
un principe actif pharmaceutique ou un allergéne
ou un antigéne pour la préparation d'une composi-
tion pharmaceutique pouvant étre administrée par
voie transnasale pour le traitement de maladies in-
fectieuses, de troubles endocriniens, de préférence
I'hypopituitarisme, le diabéte, I'hyperthyroidisme, la
thyroidite, de la fagon la plus préférentielle la thy-
roidite de Hashimoto, la thyroidite subaigué ; des
troubles surrénaux, de prétférence la maladie d'Ad-
dison, linsuffisance surrénale secondaire, le syn-
drome de Cushing; des troubles gastro-intesti-
naux, de préférence l'iléite régionale, fa colite ; des
maladies hémorragiques, de préférence 'hémophi-
lie, la leucopénie, le syndrome hyperéosinophile ;
des troubles du tissu musculaire squelettique et
conjonctif, de préférence la polyarthrite rhumatoi-
de, le syndrome de Sjogren, le syndrome de Bé-
chet, le lupus, la sclérodermie, la polymyosite/der-
matomyosite, la polymyalgie rhumatismale et I'ar-
térite temporale, la polyartérite noueuse, la granu-
lomatose de Wegener, le trouble mixte du tissu con-
jonctif, la spondylite ankylosante, l'arthrite psoriasi-
que, l'ostéoarthrite, la maladie de Paget, la sciati-
que, la bursite, la tendinite et la ténosynovite, I'épi-
condylite, la fibromyalgie, la fasciite éosinophile ;
des troubles neurologiques, de préférence la dou-
leur, le hoquet, le vertige, les crises, les troubles du
sommeil, les attaques ischémiques transitoires, les
lésions de la colonne vertébrale, les maladies dé-
myélinisantes, les troubles des racines nerveuses,
la myasthénie gravis; des troubles oncologiques;
des troubles psychiatriques, de préférence la dé-
pendance vis-a-vis des drogues, les névroses, les
troubles de Ihumeur, les troubles schizophréni-
ques, les troubles du délire ; et/ou pour une utilisa-
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tion dans le domaine de la gynécologie, de préfé-
rence pour traiter la dysménorrhée, la ménopause,
l'anovulation chronique ; linsuffisance ovarienne
précoce, 'endométriose, l'infertilité ; et/ou pour une
utilisation dans le domaine de l''mmunologie, de
préférence le rejet de greffes, I'hyposensibilisation,
limmunothérapie allergénique ou la vaccination
préventive.

Utilisation selon la revendication 2, dans laquelle te
principe actif pharmaceutique est un adrénocorti-
costatique, un adrénolytique, un androgéne ou an-
tiandrogéne, un antiparasitaire, un anabolisant, un
anesthésique ou un analgésique, un analeptique,
un anti-allergique, un anti-arythmique, un anti-arté-
riosclérose, un anti-asthmatique et/ou un bronchos-
pasmolytique, un antibiotique, un antidépresseur
et/ou un antipsychotique, un antidiabétique, un an-
tidote, un antiémétique, un anti-épileptique, un an-
tifibrinolytique, un anticonvulsivant ou un anticholi-
nergique, une enzyme, une coenzyme ou l'inhibi-
teur enzymatique correspondant, un antihistamini-
que ou un antihypertonique, un antihypotonique, un
anticoagulant, un antimycotique, un antimyasthéni-
que, un agent contre la maladie d'Alzheimer ou la
maladie de Parkinson, un antiphlogistique, un anti-
pyrétique, un antirhumatismal, un antiseptique, un
analeptique respiratoire ou un stimulant respiratoi-
re, un bronchiolytique, un cardiotonique, un agent
chimiothérapeutique, un agent dilatant les coronai-
res, un cytostatique, un diurétique, un bloqueur des
ganglions, un glucocorticoide, un agent antigrippal,
un hémostatique, hypnotique, une immunoglobuli-
ne ou fragment de celle-ci ou toute autre substance
immunologiquement active telle qu'un immunomo-
dulateur, un hydrate de carbone (dérivé) biologi-
quement actif, un contraceptif, un agent anti-migrai-
neux, un corticostéroide, un myorelaxant, un nar-
cotique, un neurothérapeutique, un (poly)nucléoti-
de, un neuroleptique, un neurotransmetteur, un (po-
ly)peptide (dérivé), un opiat, un ophtalmique, un
(para)sympathicomimétique ou un (para)sympathi-
colytique, une protéine (dérivé), un médicament
contre le psoriasis/la névrodermite, un mydriatique,
un psychostimulant, unagent rhinologique, un
agent induisant le sommeil, un agent sédatif, un
spasmolytique, un tuberculostatique, un agent uro-
logique, un vasoconstricteur ou un vasodilatateur,
un virustatique, une substance cicatrisante, un in-
hibiteur (antagoniste) ou un promoteur (agoniste)
de l'activité de I'un quelconque des agents précités
ou des combinaisons quelconques desdites subs-
tances actives.

Utilisation selon la revendication 2, dans laquelle
I'antigéne est dérivé d'un agent pathogeéne.

Utilisation selon la revendication 2, dans laquelie le-
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dit agent pathogéne appartient au groupe des bac-
téries extracellulaires, comprenant des coccus pyo-
génes tels que Staphylococcus et Streptococcus,
des bactéries Gram négatives telles que les espé-
ces Meningococcus et Gonococcus, des espéces
de Neisseria, des bactéries Gram négatives com-
prenant des micro-organismes entériques tels que
E. coli, Salmonella, Shigella, Pseudomonas, Dip-
theria, Bordetella pertussis, et des bactéries Gram
positives (par exemple Bacillus pestis, BCG), en
particulier des anaérobies tels que les espéces
Clostridium, des bactéries et des virus qui survivent
et se répliquent dans des cellules hdtes, compre-
nantdes mycobactéries (telles que M. tuberculosis)
et Listeria monocytogenes, des rétrovirus et des
adénovirus comprenant le virus de I'hépatite, le vi-
rus de l'immunodéficience (humaine), les herpésvi-
rus, le virus de la variole (varicelle), les virus de la
grippe, de la rougeole, des oreillons et de la polio-
myélite, le cytomégalovirus, le rhinovirus, etc. et
des champignons qui prospérent a l'intérieur de cel-
lules hétes, un parasite, comprenant des parasites
des animaux tels que les protozoaires et les helmin-
thes, et des ectoparasites tels que les tiques et les
acariens, ou les espéces Brucella, comprenant
l'agent responsable du choléra, les espéces Hae-
mophilus, ainsi que des agents pathogénes qui dé-
clenchent la fievre paratyphoide, la peste, la rage,
le tétanos et rubéole, ou bien des cellules eucaryo-
tes ou des parties de celles-ci qui provoquent diver-
ses néoplasies, maladies auto-immunes et autres
états pathologiques de I'organisme animal ou hu-
main qui ne sont pas dues nécessairement a des
infections microbiennes.

Utilisation selon la revendication 2, dans laquelle
l'antigéne est utilisé sous une forme purifiée ou
mieux encore sous forme pure.

Utilisation selon la revendication 2, dans laquelle
l'antigéne est le déterminant antigénique du virus
de I'hépatite, du virus de l'immunodéficience (hu-
maine), des herpésvirus, des virus de la variole (va-
ricelle), de la grippe, de la rougeole, des oreillons
et de la poliomyélite, du cytomégalovirus, du rhino-
virus, etc., et de champignon qui prospérent a I'in-
térieur de cellules hétes, d'un parasite, comprenant
des parasites des animaux tels que les protozoaires
et les helminthes, et d'ectoparasites tels que les ti-
ques et les acariens, ou de I'espéce Brucella, com-
prenant I'agent responsable du choléra, de I'espéce
Haemophilus, ainsi que des agents pathogénes qui
déclenchent la fiévre paratyphoide, la peste, la ra-
ge, le tétanos et la rubéole, ou bien des cellules
eucaryotes ou des parties de celles-ci qui provo-
quent diverses néoplasies, maladies auto-immu-
nes et autres états pathologiques de |'organisme
animal ou humain qui ne sont pas dues nécessai-
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rement a des infections microbiennes.

Utilisation selon la revendication 2, dans laquelle
l'allergéne est d'origine allogéne ou endogéne, dé-
rivé d'un micro-organisme, d'un animal ou d'une
plante, ou appartient au groupe des substances
inorganiques fabriquées par 'homme et/ou irritan-
tes, ou a des parties ou composants de l'organisme
humain qui ont été incorrectement traités par le, ou
exposés au, systeme immunitaire de I'organisme.

Utilisation selon la revendication 2, dans laquelle
I'allergéne appartient a la classe des allergénes par
inhalation, comprenant de maniére non limitative di-
vers pollens, spores, morceaux de poils, peau et
plumes d'animaux, textiles naturels et synthétiques,
le ble, les poussiéres (domestiques) y compris les
acariens ; également les allergénes alimentaires et
médicamenteux ; les allergenes de contact ; les al-
lergénes par injection, invasion ou dépét tels que
les différents vers (résidents dans le systéme gas-
tro-intestinal), échinocoques, ftrichines, etc., une
partie de matériau d'implant.

Utilisation selon I'une quelconque des revendica-
tions 1 et2 et3a9, comprenant en plus un composé
qui libére ou induit une activité de cytokine ou anti-
cytokine ou exerce lui-méme une telle activité.

Utilisation selon la revendication 10, dans laquelle
le composé qui exerce une activité de cytokine est
I'iL-4, I'L-2, le TGF, I'lL-6, le TNF, I'lL-1c et I'IL-1B,
un interféron de type |, de préférence I'"FN-a ou
FIFN-B, FIL-12, I'IFN-y, le TNF-B, I''L-5 ou I'lL-10.

Utilisation selon la revendication 10, dans laguelle
ledit composé ayant une activité anti-cytokine est
un anticorps anti-cytokine ou le fragment actif cor-
respondant, un dérivé ou un analogue de celui-ci.

Utilisation selon la revendication 12, dans laquelle
le composé qui présente ou induit une activité de
cytokine ou anti-cytokine et le principe actif phar-
maceutique ou l'antigéne ou l'allergéne sont asso-
ciés a I'agent pénétrant.

Utilisation selon l'une quelconque des revendica-
tions 1 a 13, dans laquelle la molécule auto-agré-
geante la moins soluble est un lipide, de préférence
un lipide polaire, et le composant le plus soluble est
un tensio-actif ou une forme plus soluble du lipide
polaire/ basique.

Utilisation selon l'une quelconque des revendica-
tions 1 & 14, dans laquelle le composant Ie plus so-
luble est un agent destiné a étre transporté a travers
la barriére, ledit agent ayant tendance a former des
structures communes de grande taille avec le ou
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les composants les moins solubles de I'agent péné-
trant, typiquement sous la forme d'un complexe
physique ou chimique.

Utilisation selon I'une quelconque des revendica-
tions 1 & 15, dans laquelle le composant le plus so-
luble tend & solubiliser la gouttelette pénétrante et
est présent en une concentration non supérieure a
99% molaires de la concentration nécessaire pour
désagréger la gouttelette ou, en variante, non su-
périeure & 99% molaires de la concentration de sa-
turation dans la gouttelette non solubilisée, & la plus
grande des deux valeurs, des valeurs en dessous
de 50% de la premiere citée de ces concentrations
relatives étant particulierement utiles, des valeurs
en dessous de 40% rel. ou méme voisines et en
dessous de 30% rel. étant encore plus avantageu-
ses, tandis que, dans le cas de gouttelettes qui ne
peuvent pas étre solubilisées par le composant le
plus soluble, des concentrations relatives qui dé-
passent les concentrations relatives précitées d'un
facteur allant jusqu'a 2 sont les plus préférées.

Utilisation selon I'une quelconque des revendica-
tions 1 a 16, dans laquelle le composant le moins
soluble de I'agent pénétrant est un lipide polaire et
le composant le plus soluble est un tensio-actif ou
une molécule semblable a un tensio-actif ou bien
une forme de lipide, de préférence un lipide polaire,
qui est suffisamment soluble pour les besoins de la
présente invention.

Utilisation selon l'une quelconque des revendica-
tions 1 & 17, dans laquelle le diamétre moyen de
l'agent pénétrant est compris entre 25 nm et 500
nm, de preférence entre 30 nm et 250 nm, de fagon
plus préférentielle entre 35 nm et 200 nm et de fa-
¢on particulierement préférée entre 40 nm et 150
nm.

Utilisation selon I'une quelconque des revendica-
tions 1 a 18, dans laquelle la concentration de
I'agent pénétrant dans la formulation pour utilisation
nasale chez'homme oul'animal estde 0,001 420%
en poids de la masse séche totale de la formulation,
en particulier de 0,01% en poids & 15% en poids,
de fagon plus préférentielle de 0,1% en poids &
12,5% en poids et de la fagon la plus préférentielle
de 0,5% en poids a 10% en poids.

Utilisation selon 'une quelconque des revendica-
tions 1 & 19, dans laquelle le milieu porteur, par
exemple un tampon, est choisi pour former une so-
lution biocompatible ayant une activité osmotique
similaire & celle d'un électrolyte monovalent & une
concentration dans la plage de 1 mM a 500 mM, de
fagon plus préférentielle de 10 mM a 400 mM, de
fagon plus préférentielle encore de 50 mM & 300
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mM et de la fagon la plus préférentielle de 100 mM
4200 mM, ou bien une solution qui assure une sta-
bilité suffisante en pratique de I'agent pénétrant
combinée avec un taux de transport a travers la bar-
riere suffisant en pratique.

Utilisation selon I'une quelconque des revendica-
tions 1 & 20, dans laquelle la concentration relative
du médicament ou de l'agent est de 0,001 & 40%
en poids de la masse totale de I'agent pénétrant, en
particulier de 0,01% en poids a 30% en poids,
mieux encore de 0,1% en poids & 25% en poids et
de la fagon la plus préférentielle de 0,5% en poids
a 15% en poids.

Utilisation selon l'une quelconque des revendica-
tions 1 & 21, dans laquelle le milieu portant les mé-
dicaments et les véhicules est un tampon biocom-
patible ayant une valeur de pH allant de 4 4 10, plus
fréqguemment de 5 & 9 et le plus souvent de 6 4 8.

Utilisation selon ['une quelconque des revendica-
tions 1 a 22, dans laquelle les additifs sont inclus
dans la préparation afin de réduire la sensibilité du
systéme aux contraintes chimiques, biclogiques ou
ambiantes et comprennent des antioxydants, des
antagonistes des actions enzymatiques indésira-
bles, des cryoconservateurs, des microbicides,
etc., ou bien des modulateurs de propriétés physi-
quement importantes du systéme telles que la vis-
cosité de la formulation, etc.

Utilisation selon 'une quelconque des revendica-
tions 1 & 23, dans laquelle la dose relative du mé-
dicament ou de l'agent & administrer de maniére
non invasive par le nez au moyen de véhicules hau-
tement adaptables est choisie de maniére a étre en-
tre 0,1 fois et 500 fois, plus souvent entre 0,5 fois
et 250 fois et de fagon encore plus préférentielle en-
tre 1 fois et 100 fois différente de la dose corres-
pondante de médicament ou d'agent qu'il faudrait
injecter pour obtenir les effets biologiques souhai-
tés.

Utilisation selon l'une quelconque des revendica-
tions 1 & 24, dans laquelle la dose d'agent pénétrant
appliquée est de 0,01 mg a 15 mg par narine, plus
souvent encore elle se situe dans la plage de 0,1
mg a 10 mg par narine et de préférence de 0,5 mg
a 5 mg par narine.

Utilisation selon 'une quelconque des revendica-
tions 1 & 25, dans laquelle l'efficacité de I'adminis-
tration et les effets biologiques de I'agent ou du me-
dicament choisi sont contrdlés en utilisant des vo-
lumes d'application différents.

Utilisation selon I'une quelconque des revendica-
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tions 1 & 26, dans laquelle ladite formulation est ad-
ministrée en utilisant un dispositif de délivrance vo-
lumétrique.

Utilisation selon !'une quelconque des revendica-
tions 1 & 27, dans laquelle différents volumes d'ap-
plication sont choisis pour contréler I'efficacité de
I'administration et les effets biologiques de l'agent
ou du médicament choisi.

Utilisation selon I'une quelconque des revendica-
tions 1 & 28, dans laquelle les agents pénétrants en
suspension sont chargés avec les médicaments ou
agents dans un délai de 24 heures avant d'adminis-
tration de la formulation, de préférence 360 minu-
tes, de fagon plus préférentielle 60 minutes et de
fagon encore plus préférentielle 30 minutes avant
I'administration de la formulation ainsi obtenue
dans le nez.

Utilisation selon I'une quelconque des revendica-
tions 1 & 29, dans laquelle le dispositif de délivrance
est chargé sur le lieu de traitement.

Utilisation selon I'une quelconque des revendica-
tions 1 & 30, dans laquelle le dispositif est chargé
séparément avec des agents pénétrants et des mo-
lécules, en particulier des agents biologiques, a as-
socier a ceux-ci.

Utilisation selon I'une quelconque des revendica-
tions 1 & 31, dans laquelle le principe actif pharma-
ceutique est destiné a I'administration au systéme
nerveux.

Utilisation selon la revendication 32, dans laquelle
le systéme nerveux est le cerveau.

Utilisation selon I'une quelconque des revendica-
tions 1 & 33, dans laquelle ladite composition phar-
maceutique est un vaccin,

Utilisation selon la revendication 34, dans laquelle
le vaccin comprend en plus un extrait d'agent pa-
thogéne ou un composé provenant d'un agent pa-
thogéne ou un fragment ou un dérivé de celui-ci.

Utilisation selon la revendication 35, dans laquelle
ledit extrait d'agent pathogéne ou composé est
choisi parmi le virus de I'hépatite, le virus de I'im-
munodéficience (humaine), les herpésvirus, les vi-
rus de la variole (varicelle), de la grippe, de la rou-
geole, des oreillons ou de la poliomyélite, le cyto-
mégalovirus, le rhinovirus, etc., ou des champi-
gnons qui prospérent a l'intérieur de cellules hbtes,
un parasite, comprenant des parasites des ani-
maux tels que les protozoaires et les helminthes, et
des ectoparasites tels que les tiques et les acariens,
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ou les espéces Brucella, comprenant l'agent res-
ponsable du choléra, les espéces Haemophilus,
ainsi que des agents pathogénes qui déclenchent
la figdvre paratyphoide, la peste, la rage, le tétanos
ou la rubéole.

Utilisation selon l'une quelconque des revendica-
tions 34 a 36, dans laquelle ledit vaccin comprend
en plus un adjuvant.

Utilisation selon la revendication 37, dans laquelle
ledit adjuvant est un lipopolysaccharide tel que le
lipide A ou un dérivé ou une modification de celui-
ci, par exemple le lipide A monophosphorylé, ou
son analogue, par exemple un dérivé gras de sac-
charose, un facteur cordonal (tréhalose dimycola-
te), un dipeptide muramylique ou un autre (poly)
saccharide ou (poly)peptide identique ou ressem-
blant & une partie immunologiquement active d'une
membrane d'un micro-organisme ; un extrait d'un
micro-organisme comprenant des exotoxines eten-
dotoxines bactériennes, de préférence la toxine du
choléra ou la toxine thermolabile de E. coli, un dé-
rivé de chaine A, un composant ayant une activité
de ribosylation de I'ADP, un peptidoglycane, une
toxine de Clostridia, une halotoxine LT, un dérivé
protéinique purifié de M. tuberculosis, le LT-R192G,
la protéine | liant la fibronectine de Streptococcus
pyogenes ou une protéine de la membrane externe
de Neisseria meningitidis du groupe B (GBOMP).

Utilisation selon I'une quelconque des revendica-
tions 34 & 38, dans laquelle ledit vaccin comprend
un mélange de MPL et d'IL-12 ou de GM-CSF et
d'IL-4.

Utilisation selon I'une queiconque des revendica-
tions 34 a 39, dans laquelle, dans ledit vaccin, la
dose relative dimmunogéne/antigene & administrer
de maniére non invasive par le nez au moyen de
véhicules hautement adaptables est choisie de ma-
niére & étre entre 0,01 fois et 100 fois, plus souvent
entre 0,05 fois et 75 fois et de fagon encore plus
préférentielle entre 0,1 fois et 50 fois différente de
la dose correspondante dimmunogéne/antigéne
qu'il faudrait injecter pour obtenir I'effet biologique
souhaité.

Utilisation selon I'une quelconque des revendica-
tions 37 a 40, dans laquelle, dans ledit vaccin, la
concentration de l'adjuvant administré par voie
transnasale se situe dans la plage de 10 fois moins
jusqu'a 1000 fois plus que celle utilisée avec les for-
mulations correspondantes employant un antigéne
similaire et injectées par voie sous-cutanée, la con-
centration de l'immuncadjuvant administré par voie
transnasale différant plus souvent de la concentra-
tion de l'immunoadjuvant injecté par un facteur al-
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lant de 0,5 & 100 ou mieux d'un facteur allant de 1
a 50 et mieux encore de 2 a 25.
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